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ADVERTISEMENT. 


The  Committee  appointed  by  the  Royal  Society  to  direct  the  publication  of  the 
Philosophical  Transactions  take  this  opportunity  to  acquaint  the  public  that  it  fully 
appears,  as  well  from  the  Council-books  and  Journals  of  the  Society  as  from  repeated 
declarations  which  have  been  made  in  several  former  Transactions,  that  the  printing  of 
them  was  always,  from  time  to  time,  the  single  act  of  the  respective  Secretaries  till 
the  Forty- seventh  Volume  ;  the  Society,  as  a  Body,  never  interesting  themselves  any 
further  in  their  publication  than  by  occasionally  recommending  the  revival  of  them  to 
some  of  their  Secretaries,  when,  from  the  particular  circumstances  of  their  affairs,  the 
Transactions  had  happened  for  any  length  of  time  to  be  intermitted.  And  this  seems 
principally  to  have  been  done  with  a  view  to  satisfy  the  public  that  their  usual 
meetings  were  then  continued,  for  the  improvement  of  knowledge  and  benefit  of 
mankind  :  the  great  ends  of  their  first  institution  by  the  Royal  Charters,  and  which 
they  have  ever  since  steadily  pursued. 

But  the  Society  being  of  late  years  greatly  enlarged,  and  their  communications  more 
numerous,  it  was  thought  advisable  that  a  Committee  of  their  members  should  be 
appointed  to  reconsider  the  papers  read  before  them,  and  select  out  of  them  such  as 
they  should  judge  most  proper  for  publication  in  the  future  Transactions ;  which  was 
accordingly  done  upon  the  26th  of  March,  1752.  And  the  grounds  of  their  choice  are, 
and  will  continue  to  be,  the  importance  and  singularity  of  the  subjects,  or  the 
advantageous  manner  of  treating  them ;  without  pretending  to  answer  for  the 
certainty  of  the  facts,  or  propriety  of  the  reasonings  contained  in  the  several  papers 
so  published,  which  must  still  rest  on  the  credit  or  judgment  of  their  respective 
authors. 

It  is  likewise  necessary  on  this  occasion  to  remark,  that  it  is  an  established  rule  of 
the  Society,  to  which  they  will  always  adhere,  never  to  give  their  opinion,  as  a  Body, 
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upon  a  subject,  either  of  Nature  or  Art,  that  comes  before  them.  And  therefore  the 
thanks,  which  are  frequently  proposed  from  the  Chair,  to  be  given  to  the  authors  of 
such  papers  as  are  read  at  their  accustomed  meetings,  or  to  the  persons  through  whose 
hands  they  received  them,  are  to  be  considered  in  no  other  light  than  as  a  matter  of 
civility,  in  return  for  the  respect  shown  to  the  Society  by  those  communications.  The 
like  also  is  to  be  said  with  regard  to  the  several  projects,  inventions,  and  curiosities  of 
various  kinds,  which  are  often  exhibited  to  the  Society ;  the  authors  whereof,  or  those 
who  exhibit  them,  frequently  take  the  liberty  to  report,  and  even  to  certify  in  the 
public  newspapers,  that  they  have  met  with  the  highest  applause  and  approbation. 
And  therefore  it  is  hoped  that  no  regard  will  hereafter  be  paid  to  such  reports  and 
public  notices ;  which  in  some  instances  have  been  too  lightly  credited,  to  the 
dishonour  of  the  Society. 


List  of  Public  Institutions  and  Individuals  entitled  to  receive  a  Copy  of  tlie  Philosophical  Transactions 
of  each  year,  on  making  application  for  the  same  directly  or  through  their  respective  agents,  within 
five  years  of  the  date  of  publication. 
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[Plates  1-15.] 

Introduction. 

Since  my  first  attempt  to  work  out  the  Mammalian  type  of  skull,  the  greater  part  of 
my  time  has  been  spent  upon  Cold-blooded  Vertebrata — Fishes,  Amphibia,  and 
Reptiles.  But  between  the  early  part  of  1873,  when  my  paper  on  the  skull  of  the 
Pig  was  presented  to  the  Royal  Society,  to  the  beginning  of  1882,  when  I  was  able 
to  take  up  this  Class  once  more,  no  time  or  chance  was  lost  as  far  as  materials 
for  work  go  ;  during  those  nine  years  a  very  large  collection  of  embryos  and  of 
early  young  of  the  various  types  of  Mammalia  was  made. 

This  collection  of  materials  is  still  going  on,  and  will  I  trust  go  on  for  years  to 
come.  No  work  lies  before  me  of  greater  importance;  and  if  the  skull,  in  the  Orders  of 
this,  the  highest  Class,  can  thus  be  illustrated,  it  will  give  some  roundness  and  shape 
to  the  efforts  and  labour  of  the  whole  life  of  a  never-weary  worker. 

I  am  very  grateful  to  the  friends  that  have  so  kindly  and  zealously  helped  me  by 
presents  of  specimens  ;  in  this  present  piece  of  work  I  have  had  the  greater  part 
of  my  materials  from  the  following  well-known  Biologists  ;  viz.,  Professor  W.  H. 
Flower,  F.R.S. ,  Dr.  Gunther,  F.R.S.,  Professor  St.  George  Mivart,  F.R.S.,  Dr.  R  L. 
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Sclater,  F.R.S.,  and  H.  M.  Ward,  Esq.  (who  lost  no  opportunity  during  his  Botanical 
work  in  Ceylon  of  procuring  valuable  specimens  for  Professor  Huxley  and  me). 

The  order  in  which  these  materials  are  worked  depends  upon  their  fulness  in  any 
particular  group ;  the  Edentata  are  worked  out,  and  the  Tnsectivora  are  almost 
finished ;  then  will  come  the  Marsupials  ;  this  is  not  the  “  order  of  Nature,”  but 
of  “necessity  ; ”  and  those  who  are  interested  in  these  matters  must  classify  the  data, 
when  they  have  been  collected. 

Nevertheless,  I  shall  aim  at  bringing  the  Monotremata  forward  as  soon  as  possible  ; 
thanks  to  Dr.  Bennett,  of  Sydney,  and  to  Professor  Moseley,  I  am  able  to  begin  at 
the  Ornithorhynchus  and  the  Echidna.  But  my  hopes,  in  that  quarter,  largely  rest 
upon  the  results  to  be  obtained  by  those  whom  the  liberality  of  the  Royal  Society 
has  put  into  a  position  for  finding  such  treasures  as  the  early  stages  of  those  archaic 
forms  of  Mammalia. 

As  to  the  “  Order  ”  now  under  consideration,  the  Edentata,  I  have  worked  out  the 
skull  in  one  or  more  embryos,  as  well  as  young,  in  all  but  the  Anteaters;*  happily,  of 
that  type  I  have  the  young  in  a  very  instructive  stage. 

My  richest  materials  are  in  the  family  “  Dasypodidse,”  or  Armadillos.  With  this 
type  I  shall  begin ;  it  is  perhaps,  on  the  whole,  the  best,  as  it  is  not  so  intensely 
specialised  as  the  rest,  and  thus  is  fittest  for  comparison  with  the  Insectivora ;  the 
forms  that  are  found  on  the  highway  of  Mammalian  life,  and  not  in  a  bye-path,  like 
the  Edentata. 

The  Insectivora  will  be  described  in  my  next,  or  third,  part. 
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Dasypodid^e. 

First  Stage.  Embryos  of  Tatusia  hybrida,  If  inch  long,  measured,  in  these,  and 
the  rest,  from  snout  to  root  of  tail  (see  Plate  1,  figs.  7,  8). 

Second  Stage.  Embryos  of  Tatusia  hybrida,  2  inches  long. 

Third  Stage.  Embryos  of  Tatusia  hybrida ,  3  inches  long. 

Fourth  Stage.  Embryos  of  Tatusia,  peba,  3  inches  long. 

Fifth  Stage.  Embryo  (ripe)  of  Tatusia  hybrida,  4  inches  long.  Ripe  young  of 
Dasypus  villosus,  3f  inches  long. 

Sixth  Stage.  Young  (new  born  ?)  of  Tatusia  peha^  4-|  inches  long. 

First  Stage. — Tatusia  hybrida  (if  inch  long). 

In  this,  the  youngest  specimen  obtained,  I  shall  describe  the  chondrocranium  with 
its  commencing  bony  centres  and  visceral  arches,  as  seen  in  dissection,  and  then  give 
its  structure  in  detail,  as  illustrated  by  a  series  of  vertically  transverse  (transparent) 
sections. 

Afterwards,  in  the  second  stage,  the  investing  bones  will  be  described  in  their  form, 
as  well  as  in  their  relations. 

General  remarks  upon  the  early  skull  oj  the  Mammal. 

So  great  is  the  uniformity  of  the  early  chondrocranium  in  the  Eutheria,  or  Placental 
Mammals,  that  this  drawing  (Plate  2,  fig.  1),  made  from  the  skull  of  an  outlying  and 
low  type,  might  serve  as  a  diagram  wherewith  to  illustrate  the  skull,  at  this  stage,  of 
the  types  of  this  Order,  and  of  all  the  Orders  above  it. 

The  figure  of  a  chondrocranium  like  this,  but  a  little  less  advanced,  before  the 
osseous  centres  have  commenced  in  it — that  of  the  Mole — will  be  given  in  my  next 
paper;  and  such  a  skull  comes  very  near  to  that  of  a  Shark  or,  still  better,  of  a  Skate. 

The  parts,  or  rather  regions,  of  which  it  is  composed,  correspond  very  exactly  with 
what  is  seen  in  those  generalised,  but  not  low,  Fishes ;  and  in  this  specimen,  with 
bony  centres  appearing,  the  level  is  obtained  which  is  permanent  in  the  skull  of  the 
Dipnoi,  and  of  such  a  low  Ganoid  as  the  Paddle-fish  ( Polyodon ).'“' 

As  in  Cartilaginous  Fishes  and  Amphibians,  the  chondrocranium  may  be  compared 
to  a  basin  or  a  boat,  the  upper  part  being  unfinished,  leaving  a  membranous  fontanelle 
of  greater  or  less  extent ;  this  is  only  partially  filled  in,  at  present,  by  t be  investing 
bones,,  the  frontals  and  parietals  (f,p-)- 

The  outline  of  this  sectional  view  is  very  elegant,  and  quite  similar  to  that  of 
a  vertical  section  of  a  Bird’s  skull  at  a  like  stage,  except  that  the  nasal  roof-cartilages 

*-See  Bridge,  “  On  the  Skull  of  Polyodon  folium,"  Phil.  Trans.,  1878,  Plates  55-57,  pp.  683-733. 
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run  on  along  the  whole  extent  of  the  median  keeled  bar — the  intertrabecula  ;  in  the 
Bird  they  stop  short,  leaving  a  free  cartilaginous  rostrum,  like  that  of  a  Shark  or 
Skate,  which,  however,  only  lasts  until  it  has  served  as  a  model  on  which  the  huge 
premax  diaries  of  the  Bird  are  formed. 

In  the  sides  of  this  hollow  cartilaginous  structure,  near  the  hind  part,  the  large 
oval  auditory  capsules  ( ci.s.c .,  chi.)  are  seen  to  have  great  distinctness;  they  are,  how¬ 
ever,  confluent  with  the  chondrocranium  proper,  at  various  points — above,  behind,  and 
below,  as  the  sections  will  show.  These  are  the  only  sense-capsules  displayed  in  a 
preparation  of  this  kind,  for  the  eye-balls  are  quite  free  from  the  solid  cranial 
structure  (and  are,  indeed,  outside,  in  such  a  view  as  this),  and  the  left  nasal 
labyrinth  has  been  removed. 

Before  describing  this  figure  in  detail,  there  is  one  remark  to  be  made,  namely,  that 
here  we  have,  clearly  shown,  the  true  diagnostic  mark  of  a  Mammalian  skull.  This 
mark  is  the  rupture  of  the  side  walls,  due  to  the  pressure  of  the  large  lateral  masses 
of  the  cerebrum.  In  front  of  the  auditory  capsules  there  is  a  large  elegantly  semi¬ 
circular  opening,  the  crown  of  the  arch  looking  upwards  and  forwards. 

Only  the  lower  half  of  the  wall  has  thus  broken  outwards  ;  this  “  fault  ”  forms  the 
alisphenoid  ( al.s .),  whilst  the  orbitosjdrenoid  ( o.s .),  the  so-called  “lesser  wing,”  is 
many  times  its  size,  and  is  continuous,  over  the  archway,  with  the  cartilage  that  runs 
on,  backwards,  into  the  supraoccipital  region  ( s.o .) 

There  is  nothing  similar  to  this  in  that  Sauropsidan  skull  which  comes  nearest 
to  that  of  the  Mammal ; — the  skull  of  the  Crocodile  (see  Trans.  Zool.  Soc.,  vol.  xi., 
plate  65),  whilst  in  Birds  the  orbitosphenoids  are  very  small  even  when  they  are  most 
developed,  as  in  Struthio  (see  Phil.  Trans.,  1866,  Plate  7),  and  in  that  Class  the 
alisphenoids  almost  finish  the  cranial  cavity,  being  turned  inwards  towards  each  other, 
on  each  side  of  the  back  part  of  the  orbital  septum. 

I  lay  especial  stress  upon  this  rupture,  outwards,  of  the  alisphenoid,  and  of  the  fact 
that  the  nasal  roofs  utilise  the  whole  of  the  huge  high- crested  intertrabecula,  because 
these  are  the  most  distinctive  marks  of  the  Mammalian  skull,  andAhey  arise  out  of 
two  things  in  wdrich  the  Mammal  shows  its  great  superiority  to  even  the  highest 
Sauropsida,  namely,  the  huge  volume  of  the  cerebrum,  and  the  tenfold  complexity 
of  the  nasal  labyrinth. 

A  third  clear  diagnostic  is  seen  in  this  very  figure  ;  this  is  the  peculiar  development 
of  the  antero-inferior  part  of  the  oblique  auditory  capsule,  due  to  the  development  of 
the  coils  of  the  cochlea  (figs.  1,  6,  8,  chi.). 

So  that,  at  once,  correlated  with  the  sudden  expansion,  so  to  speak,  of  the  cerebrum, 
we  have  these  new  and  most  important  improvements  in  the  organs  of  smell  and  of 
hearing. 

At  first  sight,  seeing  how  large  the  median  bar  (intertrabecula)  is,  with  its  inter¬ 
nasal  crest  (perpendicular  ethmoid  and  septum  nasi, — p.e.,  s.n.),  it  might  be  supposed 
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that  the  Mammalian  skull  was  of  the  high  kind,  like  that  seen  in  many  Teleostean 
Fishes,  in  Lizards,  and  in  Birds. 

It  is  not  so,  however,  but  belongs  to  the  low  kind,  seen  in  Selachians  and  Amphibians  ; 
and,  like  theirs,  is  hinged  on  to  the  spine  by  a  pair  of  occipital  condyles. 

Hence  the  eye-balls  are  kept  far  apart,  instead  of  coming  very  near  each  other  as  in 
most  Birds,  where,  often,  nothing  but  a  membranous  fenestra  is  found  between  the 
right  and  left  capsules,  and  their  special  muscular  apparatus. 

But  the  face,  as  well  as  the  skull,  of  the  Mammal  shows  marks  of  excellence,  such 
as  are  not  seen  in  the  Sauropsida,  even  in  the  higher  kinds,  as  Crocodiles  and  Birds. 

The  great  development  of  the  nasal  organs  is  correlated  with  a  most  remarkable 
growth  of  the  bones  of  the  upper  jaw  and  the  palate  to  form  the  “  hard  palate.” 

This  is  found  in  rudiment  even  in  the  Chelonia  and  in  Birds  ;  but  especially  in  the 
Crocodilia,  where,  however,  its  excessive  development — as  in  certain  Edentata, 
e.g.,  Myrmecophaga — is  not  dependent  upon,  or  correlated  with,  any  great  improve¬ 
ment  in  the  organs  of  smell,  but  has  to  do  with  the  peculiar  manner  in  which 
these  monsters  take  their  prey. 

But  that  great  improvement  just  spoken  of  as  appearing  in  the  organ  of  hearing  in 
the  Mammal  has  wrought  a  change  in  the  hinder  face  that  has  tivo  most  important 
bearings. 

From  the  first  promise  of  an  ear-drum  in  the  tailed  Amphibia,  to  its  highest  fulfil¬ 
ment  in  the  noblest  of  the  Oviparous  tribes — the  Birds  that  nestle  on  high  (“  Aves 
Altrices  ”), — the  only  element  from  the  visceral  arches  that  is  used  for  carrying  the 
vibrations  of  the  air  inwards  to  the  organ  of  hearing  is  the  uppermost  part  of  the 
hyoid  arch — the  “  pharyngobranchial  ”  element  of  the  2nd  postoral  arch,  to  speak 
morphologically. 

From  the  Salamandroicls  to  the  Singing  Birds,  all  through  the  Amphibia  and  Saurop¬ 
sida,  the  1st  postoral  arch — which  forms  both  the  upper  and  lower  jaw — is  only 
segmented  once,  that  is,  into  an  epibranchial  and  a  ceratobranchial  element,  or 
joint. 

The  upper  piece  is  specially  termed  the  “  quadrate,”  and  the  lower  the  “  articulo- 
Meckelian;  ”  the  one  forms  the  swinging  piece,  hinge,  or  pier,  to  the  compound  lower 
jaw,  and  the  other  its  axis  or  pith,  the  part  which  becomes  covered  with  more  or  fewer 
“  investing  bones.” 

In  these  low  “  Eutheria,”  and  also  in  both  the  “  Metatheria,”  and  the  “  Prototheria  ” 
(Marsupials  and  Monotremes),  the  modified  visceral  rod  that  runs  through  the  drum 
cavity  has  two  new  elements  added  to  the  one  (single  or  variously  segmented)  element 
derived  from  the  hyoid  arch. 

This  is  an  apparently  sudden  change,  for  we  have  it  in  the  lowest  or  teatless 
Mammals ;  their  ancestry,  that  should  show  us  the  earlier  steps  of  the  change  are, 
unfortunately,  all  extinct. 
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In  this  dilemma  not  only  Zoology,  but  Palaeontology  also,  fails  us  utterly,  but 
Embryology  comes  in  with  every  singe  and  every  link. 

I  have  worked  out  the  early  condition  of  these  parts  in  several  kinds  of  Marsupials, 
and  in  the  young  of  Ornithorhynchus ;  but  even  in  the  lower  Eutheria,  the  Edentata, 
now  to  be  described,  and  in  the  large  and  varied  group  of  the  Insectivora,  I  have 
been  able  to  trace  every  step  in  the  transformation  of  these  parts. 

I  am  now  satislied  that  the  incus  is  the  upper  element  of  the  first  or  mandibular 
arch  ;  both  Professor  Salensky’s  and  Professor  Fraser’s  researches  put  this,  I  think, 
beyond  doubt  ;  and  my  own  attempts,  for  a  long  time,  to  make  the  hyoid  theory  of 
this  part  agree  with  facts,  only  kept  the  subject  in  hopeless  confusion. 

The  new  elements  of  the  ear-chain  are,  then,  the  arrested  quadrate  or  incus,  and 
the  arrested  and  amputated  articular  region  of  the  articulo-Meckelian  rod,  or  primary 
lower  jaw.  The  bony  part  of  the  “  ramus  ’’  is  the  well-known  dentary,  with  the 
coronoid  and  splenial  bones  in  a  sub-distinct  state  ;  the  cartilage  for  the  new  articu¬ 
lation  of  the  lower  jaw  is  derived  from  a  large  superficial  slab — a  “lower  labial” — the 
like  of  which  is  not  found  again  until  we  get  as  low  down  as  the  Chimaeroids. 

From  this  is  derived  the  hinder  half  of  the  ramus,  by  transformation  of  its  substance 
into  bone  ;  and  from  this  we  get  the  cartilage,  both  of  the  condyle  and  the  glenoid 
cavity,  and  also  of  the  intervening  “  meniscus,” 

Of  course  the  drum  cavity  is  the  “  first  cleft ;  ”  and  the  concha  auris,  with  its 
segmented  meatus-tube, — the  tympanic  bone,  the  tympanic  bulla,  and  the  cartilaginous 
lining  of  the  Eustachian  tube, — all  these  are  parts  of  a  curiously  specialised  opercular- 
growth  belonging  to  the  hinder  edge  of  the  first  visceral  fold  and  arch. 

This  last  assertion  has  not  been  made  as  a  stride  across  the  types,  from  the  Mammal 
to  the  Elasmobranch,  but  is  the  result  of  a  very  slow,  step  by  step  process,  made 
during  many  years,  “  along  all  the  lines  ”  of  Vertebrate  morphology. 

Vertical  section  of  the  slcull  o/Tatusia  hybrida. — First  Stage  {embryo,  If  inch  long). 

The  chondrocranium  is  now  at  its  highest  development ;  after  this  it  will  begin  to 
decline,  for  osseous  centres  are  already  developing  in  it ;  these  are  the  basioccipital, 
exoccipital,  supraoccipital,  basisphenoid,  and  alisphenoid  (Plate  2,  fig.  1,  b.o.,  e.o., 
s.o.,  b.s.). 

The  notochord  (nc.)  is  still  to  be  seen  in  the  basioccipital  region,  it  is  hooked 
downwards  in  front.  The  basioccipital  bone  (b.o.)  occupies  the  middle  half  of  the 
cartilage  between  the  foramen  magnum  and  the  posterior  clinoid  eievation  ;  this 
latter  is  a  moderately  high  ridge  running  crosswise. 

The  cartilage  of  the  base  of  the  skull  becomes  thicker  in  front  of  that  ridge,  and 
rises  gently  until  it  reaches  the  beginning  of  the  great  olfactory  fossae ;  the  basi¬ 
sphenoid  (b.s.)  already  occupies  the  hinder  half  of  this  more  elevated  tract  of  cartilage. 
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The  rest  of  the  base  of  the  skull  forms  a  low  triangle  whose  base  is  somewhat  longer 
than  the  lower  part  which  reaches  backwards  to  the  foramen  magnum. 

The  postero-superior  side  of  this  triangle  is  developed  into  two  rounded  lobes,  the 
upper  or  fore  lobe  is  the  larger  of  the  two.  The  hinder  lobe  is  the  top  of  the 
perpendicular  ethmoid  (p.e.),  behind  the  olfactory  fossa  with  its  cribriform  plate  (see 
Plate  5,  fig.  1)  ;  whilst  the  front  or  upper  enlargement  is  the  crista  galli,  in  solid 
cartilage.  * 

The  longer  upper  side  dips  down  gently  to  the  snout,  and  is  a  little  concave  ;  the 
triangle  does  not  end  in  a  point,  but  in  a  rounded  lobe.  The  lower  part  of  all  this 
nasal  fore  half  of  the  basis  cranii  is  a  thick  beam  of  cartilage,  carrying  a  much  thinner 
crest  on  its  upper  edge,  which  is  continuous  with  it. 

Embryologically,  the  “  investing  mass”  may  be  said  to  reach  to  the  posterior  clinoid 
wall ;  but  the  notochord  has  retreated  relatively  from  that  point ;  the  rest  of  the 
cartilage  is  “  trabecular.” 

But  the  paired  trabeculae,  themselves,  only  reach  as  far  as  to  the  middle  of  the 
proper  olfactory  region,  the  septum  of  which  bears  the  name  of  “  perpendicular 
ethmoid  ”  (p.e.)  ;  the  filling  in  between  these,  behind,  and  all  the  rest  of  the  middle 
part  is  formed  by  an  azygous  growth,  the  “intertrabecula.” 

The  sides  of  the  cartilaginous  basin,  whose  narrow  elongated  floor  has  just  been 
described,  are  formed  by  a  very  large  sheet  of  cartilage,  right  and  left.  This  just 
reaches  the  roof,  or  cover  of  the  basin,  in  the  hinder  half,  and  the  sides  are  imperfect 
in  two  places. 

The  occipital  region,  only,  forms  a  complete  belt  or  ring  of  cartilage. 

The  postpituitary  region  of  the  skull,  for  two-thirds  of  its  horizontal,  and  for  two- 
thirds  of  its  vertical,  extent,  is  occupied  by  the  intruded  auditory  capsules  (a.s.c.,  chi.), 
which,  above,  below,  and  behind,  have  coalesced  with  the  cartilage  of  the  proper 
chondrocranium. 

A  more  than  semicircular  space  in  front  of  these  large  capsules  is  occupied  by  a 
large  fenestra  whose  very  accurate  arched  outline  looks  forwards  and  upwards.  The 
sinuous  cartilaginous  wall  round  this  space  is  the  orbitosphenoidal  region,  passing  by 
a  band,  equal  in  width  to  the  fenestra  above,  into  the  large  supratemporal  (or  suh- 
parietal)  tract  ( s.t.c .),  which  in  turn  runs  into  the  crown  of  the  occipital  arch. 

Half  the  preauditory  fenestra  is  imperfectly  occluded  by  the  alisphenoid  (above  b.s.), 


*  In  my  paper  on  the  Ostrich’s  skull  (  Phil.  Trans.,  1866,  Plate  7)  the  counterpart  of  this  crest  is 
lettered  cr.g.,  or  crista  galli,  and  is  described  as  such  in  the  text  (p.  118).  But  in  the  paper  on  the 
Fowl’s  skull  (Phil.  Trans.,  1869,  Plate  83)  this  part  is  not  lettered,  for  I  had  been  reminded  by  a  friendly 
critic  that  the  crista  galli  of  Man  is  formed  by  ossification  of  fibrous  tissue  in  the  fore  part  of  the  falx 
cerebri.  It  is,  however,  preformed  in  cartilage  in  many  Mammals,  notably  in  these  Edentata,  and  my 
lettering  in  the  figures  of  the  Ostrich’s  skull  is  correct.  In  the  same  paper  (p.  120)  the  quadrate 
cartilage  is  identified  with  the  incus  ;  that  view  of  it  is,  I  feel  satisfied,  now,  quite  correct. 

C  2 
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or  free,  outstanding  wing,  not  of  cartilage  now,  but  of  bone.  This  fan-shaped  tract 
has  its  broad  part  ossified  separately,  from  the  lower  part  or  stem  (see  fig.  6,  al.s.).* 

At  a  distance  from  the  basioccipital  equal  to  the  width  of  both  the  basal  and  lateral 
bony  centres,  the  exoccipitals  (e  o.)  have  appeared,  they  form  part  of  the  selvedge 
round  the  foramen  magnum.  Above  another  equally  large  space  of  cartilage  we  see 
the  supraoccipital  ( s.o .) :  it  has  a  right  and  left  half  (see  also  fig.  6,  s  o .) ;  each  half  is 
ear-shaped,  the  broad  end  being  near  the  mid-line. 

A  considerable  fossa  runs  between  the  occipital  arch  and  the  auditory  capsule  ;  this 
is  occupied  by  the  “lateral  sinus  ”  (s. c.),  which  communicates  with  the  outer  veins 
through  a  large  hole,  both  above  and  below. 

The  foramina  for  the  postauditory  nerves  are  seen  in  this  view  ;  that  for  the 
hypoglossal  (XII.)  in  the  middle  of  the  space  between  the  exoccipital  and  basi¬ 
occipital,  and  the  double  space  for  the  vagus  and  glossopharyngeal  (X.,  IX.)  in  the 
interspace  or  fissure  between  the  auditory  capsule  and  the  front  side  of  the  occipital 
arch. 

The  multiperforate  “meatus  internus  ”  for  the  7th  and  8  th  nerves  (VII.,  VIII.)  has, 
beneath  and  in  front  of  it,  the  projecting  cochlea  (chi.) ;  and  above  it  the  arches  of  the 
anterior  and  posterior  semicircular  canals  (a.s.c., p.s.c.),  meeting  in  one  common  sinus  ; 
these  can  be  seen  shining  through  the  cartilage. 

The  lower  alisphenoidal  centre  is  deeply  notched  (above  b.s.)  to  form  an  imperfect 
foramen  ovale  (V3.)  for  the  third  branch  of  the  trigeminal ;  the  second  and  first 
branches  (V1,  ~.)  escape  through  the  sphenoidal  fissure — between  the  bulging 
alisphenoid  and  the  concave  posterior  margin  of  the  stem  of  the  huge  orbitosphenoid 
(o..s.).  The  lesser  cranial  nerves  (3rd,  4th,  6th)  escape  also  through  this  space,  but  the 
optic  foramen  (II.)  is  an  oval  hole  pierced  through  the  orbitosphenoidal  stem.  No 
part  of  the  anterior  sphenoid  is  ossified  at  present,  nor  any  part  of  the  nasal  region. 

The  turbinal  outgrowths  of  the  proper  olfactory  region  shown  by  the  slicing  away 
of  the  cartilage  (fig.  5,  u.th.)  are  very  numerous  ;  above  and  behind  them,  in  the  huge 
recesses  for  the  olfactory  lobes,  the  numerous  branches  of  the  1st  nerve  are  seen  to  be 
escaping  through  a  membranous  floor,  which  is  having  bands  of  cartilage  formed  in  it 
( cr.p .),  that  pass  round  the  various  fissures  through  which  the  nervous  bands  escape. 

The  cartilage  of  the  roof  of  the  nasal  labyrinth  is  shown  in  the  main  figure  (fig.  l) 
as  cut  away  from  the  large  partition  wall.  In  front,  the  alinasal  region,  behind  the 
opening  and  near  the  mid-line,  gives  off  a  curious  “recurrent  cartilage'’  ( rc.c .)  of  a 
lanceolate  shape,  and  scooped  along  the  outside,  except  in  front,  where  it  forms  a  tube. 

These  cartilages  (right  and  left)  protect  “  Jacobson’s  organs,”  which  are  partly 
encapsuled  by  them  ;  these  parts  are  related  to  two  small  bones  and  to  the  vomer,  as 
I  shall  show  soou.  In  the  figure  of  this  vertical  section  the  frontals  and  parietals 
( f.p .)  are  shown,  helping  to  fill  in  the  great  fontanelle;  the  nasals  ( n .)  are  seen  over 

*  In  Birds,  generally,  and  in  many  Rodents,  the  alisphenoid  is  formed  from  two  osseons  centres,  but 
in  a  manner  very  different  to  what  is  shown  here. 
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the  septum  nasi  ( s.n .);  the  vomer  ( v .)  under  it,  and  the  palatine  plates  of  the  maxil- 
laries  and  palatines  ( mx.,pa .)  are  shown  as  forming  the  hard  floor  to  the  shallow 
naso-palatine  canal.  The  “fault”  in  the  skull  wall,  where  the  small  alisphenoid  is 
thrust  out,  is  partly  filled  in  externally  by  the  squamosal  (sq.). 


First  Stage  (continued). —  Visceral  arches  of  Tatusia  hybrida. 

This  stage,  although  more  advanced  than  some  I  have  been  able  to  work  out  in 
certain  Insectivora,  is  yet  very  valuable  and  instructive  ;  the  two  mandibles — the 
outer  and  the  inner — are  now  well  developed,  but  the  peculiar  Mammalian  transforma¬ 
tion  of  the  inner  mandible  has  not  yet  taken  place. 

The  superficial  ramus  (Plate  2,  fig.  3,  d.)  is  full  four  times  the  bulk  of  the  primary 
articulo-Meckelian  rod  (mk),  and  reaches  back  words  nearly  to  the  thick  articular 
region. 

A  row  of  small  alveoli  is  seen  in  front  of  the  coronoid  process  ( cr.p .),  which  is 
peculiarly  long  and  slender,  and  forms  an  acute  angle  with  the  condyloid  part  (cd.p.), 
a  semi-oval  mass  of  cartilage.  The  tip  of  the  coronoid  process  is  also  cartilaginous, 
and  so  is  the  edge  of  the  feebly  developed  angular  process  ( ag.p .), 

Meckel’s  cartilage — the  inner  or  primary  mandible — is  a  very  uniform  terete  rod, 
lying  all  along  the  inner  face  of  the  ramus,  near  its  lower  edge  ;  it  follows  the  sinuosi¬ 
ties  of  the  ramus  up  to  the  “  mentum,”  where  it  is  confluent  with  its  fellow  (fig.  2,  mk.). 

At  this  confluence  there  is  developed  a  tongue-shaped  non-segmented  rudiment  of  a 
basimandibular  element  ( h.mn ,) ;  this  is  more  distinct  in  the  Insectivora  than  in  the 
Armadillos.  There  is  no  appearance,  at  this  stage,  of  a  distinct  splenial,  or  of  a 
distinct  coronoid,  bone  inside  the  ramus,  in  this  type.  There  is,  however,  here,  as 
everywhere  in  the  Mammalia,  a  very  large  tract  of  cartilage  on  which  the  hinder 
half  of  the  dentary  is  formed,  and  out  of  which  the  new  articular  facet,  that  on  the 
lower  edge  of  the  squamosal,  the  “  glenoid  ”  facet,  is  also  developed. 

This  subcutaneous  slab  of  cartilage  is  manifestly  the  homologue  of  the  lower  labial 
of  cartilaginous  Fishes,  as  much  as  the  bone  itself  corresponds  with  the  antero- 
external  splint  of  Meckel’s  cartilage  in  Ganoids  and  Teleostei,  the  Amphibia  and 
the  Sauropsida — the  well-known  “  dentary.” 

A  preparation  of  the  whole  auditory  and  articular  region  of  the  skull  shows  many 
things  in  their  proper  relations  (fig.  4).  Part  of  the  squamosal  (sq.),  with  its  glenoid 
facet  (gif),  is  figured,  and  the  condylar  (cd.p.)  and  angular  part  of  the  ramus  or  lower 
jaw,  with  its  solidly  cartilaginous  hinder  margin. 

Meckel’s  cartilage,  large  and  solid,  is  seen  running  along  a  groove  on  the  inner  face 
of  the  ramus,  and  in  the  other  direction  shows  itself  as  a  large  pars  articulare,  with 
its  sinuous  condyloid  face  for  articulation  with  a  remarkable  form  of  quadrate — now, 
evidently,  the  “incus,”  before  ossification. 

As  in  the  Fowl  and  many  other  Birds,  there  is  a  long  “  internal  angular  process  ”  to 
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the  articular  region,  and  a  rudiment  of  the  well-known  avian  “posterior  angular 
process  ;  ”  in  Mammals  the  former  is  called  the  “  manubrium  of  the  malleus.”  Under 
the  proximal  part  of  Meckel’s  cartilage,  where  it  becomes  the  massive  articular 
region,  there  is  an  ectosteal  deposit — the  well-known  bony  tract  which  develops  into 
the  articulare  in  oviparous  types,  often  having  an  endosteal  centre  added  to  it ;  it  is 
the  “articulare  externum  ”  (Plate  2,  fig.  4).  Here  it  forms  the  outer  rudiment  of  the 
bony  malleus  ;  it  is  partly  hidden  by  the  “  annulus”  ( [a.ty .). 

In  comparing  the  next  or  proximal  segment  of  the  first  visceral  arch  with  that  of 
the  Bird — the  quadratum — there  are  two  things  to  be  noticed:  first,  that  the  “orbital 
process  ”  is  suppressed ;  and  secondly,  the  head  of  the  segment  is  articulated  with  the 
cranium  further  forwards  than  in  most  Birds.* 

There  is  a  neat  head  to  the  upper  crus  of  this  cartilage,  called  in  human  anatom  v 
the  “short  crus  of  the  incus  ”  ( s.c.i .),  and  this  fits  into  a  neat  cup  in  the  cartilage  of 
the  ear  capsule,  above,  just  between  the  ampullae  of  the  anterior  and  horizontal  canals 
( a.s.c.,k.s.c .).  Below  and  behind  the  saddle-shaped  condyle,  the  body  of  this  segment 
narrows  into  the  “  long  crus”  ( l.c.i .),  and  this  part  acquires  an  inturned  “neck,”  very 
slender,  which  carries  a  discoid  head' — the  pars  orbiculare. 

This  is  another  and  new,  or  Mammalian,  character;  here  the  top  of  the  first  visceral 
arch  keeps  outside  the  top  of  the  second,  as  in  Fishes,  generally,  and  amongst 
the  Sauropsida  in  the  Chameleon  (see  Trans.  Zool.  Soc.,  vol.  xi.,  plate  16,  figs.  4 
and  7);  whereas  in  many  Amphibia  and  Sauropsida  the  topmost  hyoid  element — the 
columella — rides  over  the  quadrate. 

The  great  specialisation  which  these  parts  have  undergone,  which  they  show  so 
early  in  the  embryo,  is  seen  in  the  tilted  position  of  the  semicircular  canals  ( a.s.c ., 
h.s.c.,  p.s.c.)  ;  for  in  relation  to  the  axis  of  the  skull,  the  horizontal  canal  is  almost 
vertical,  and  the  two  vertical  canals  are  quite  oblique  in  position.  Thus  the  hinder 
part  of  the  “  tegmen  tympani  ”  ( t.ty .)  forms  a  recess  for  the  stapes  (st.)  and  its  muscle 
( st.m .)  ;  this  is  quite  like  the  recess  formed  by  the  paroccipital  wing  in  the  Bird’s 
skull. 

The  form  of  the  stapes  (which  will  be  shown  in  the  next  stage)  is  quite  normal; 
it  is  a  short,  flat,  perforated  column,  the  oval  base  of  which  fits  accurately  into  the 
fenestra  ovalis.  In  this  figure  it  lies  in  the  shade,  within  the  incus,  and  the  stapedius 
muscle  (st.m.)  is  seen  arising,  tendinous,  from  its  neck,  and  enlarging,  backwards,  to 
be  inserted,  fleshy,  in  the  bottom  of  the  recess  at  the  back  of  the  tympanic  cavity. 

As  the  parts  in  this  early  stage  were  newly,  but  completely,  chondrified,  I  had  a 
good  chance  for  seeing  the  exact  relations  of  the  parts  of  the  hyoid  arch. 

The  stapes,  as  the  counterpart  of  the  Skate’s  hyomandibular,  chondrifies  separately  ; 
it  is  the  only  pharyngobranchial  element  developed  in  the  walls  of  the  Mammalian 

*  I  lay  stress  upon  further  forwards ;  no  one  lias  ever  dreamed  of  putting  the  Bird’s  quadrate  into 
the  hyoid  category,  notwithstanding  that  its  articulation  with  the  occipital  arch  is  partly  behind  the 
auditory  capsule. 
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throat.  In  the  Skate  ( Pristiurus ,  see  Trans.  Zool.  Soc.,  vol.  x.,  plate  35,  fig.  4)  all 
the  pharyngobranchials  are  developed  (chondrified)  independently  of  the  rest  of  the 
arches  to  which  they  belong,  which  for  the  most  part  undergo  secondary  segmentation 
into  more  or  fewer  joints. 

Here  the  segmentation  of  that  part  of  the  arch  which  in  Fishes  carries  the  gills 
is  more  than  normal ;  the  feebly  developed  epihyal  ( e.hy .)  is  in  two  imperfectly 
divided  joints,  and  the  strong  ceratohyal  ( c.hy .),  which  is  imperfectly  segmented 
from  the  lower  epihyal,  is  completely  cut  across  at  its  lower  third. 

Below  this  part  there  is  the  normal  (ichthyic)  hypohyal  ( h.hy .),  the  shortest  of  the 
segments.* 

The  basal  part  is  a  trifoliate  basi-hyobranchial  ( b.h.br .),  to  the  fore  angles  of  which 
the  hypohyals  are  articulated,  and  which  gives  off  a  pair  of  hypobranchial  rudiments, 
and  a  free  retral  rudiment  of  the  long,  segmented  basibranchial  bar  of  Fishes. 

I  found  only  one  inner  segment  of  the  opercular  growth  round  the  first  cleft ;  the 

concha  auris  ”  becomes  tubular  in  the  meatus  externus,  and  partly  segmented  ;  the 
innermost  segment  in  this  case  forms  an  imperfect  ring,  and  its  softish  cartilage  is 
rapidly  becoming  ossified  to  form  the  normal  annulus  tympanicus  ( a.ty .),  in  a  groove 
of  which  Meckel’s  cartilage  lies  at  its  proximal  end.  The  upper  end  is  most  ossified, 
the  membrana  tympani  ( m.ty .)  is  inserted  into  its  inner  face,  and  the  radiating  fibres 
of  this  membrane  start  from  the  internal  angular  process  of  the  primary  mandible 
(the  manubrium  mallei).  The  tensor  tympani  muscle  ( t.t.m .)  is  manifestly  the  counter¬ 
part  of  one  of  the  “adductor  muscles”  of  the  hinder  part  of  the  mandible  of  a 
Reptile  or  Bird. 

This  muscle,  and  the  “  stapedius,”  want  tracing  downwards  ;  they  are  the  accurate 
muscular  correlates  of  the  curiously  specialised  skeletal  elements  of  this  part  of  the 
skull. 

Vertically-transverse  sections  of  the  head  of  Tatusia  hybrida. — First  Stage. 

The  figures  given  in  Plates  3,  4,  and  the  following  descriptions  must  be  compared 
with  the  figures  and  descriptions  of  the  bisected  and  dissected  chondrocranium  ;  the 
latter  is  of  a  later  stage  (Plate  5,  fig.  1). 

Before  going  into  details,  I  may  remark  that  the  huge  nasal  capsules  that  take  up 
half  the  sections  selected  to  be  figured  lie  under  the  fore  part  of  the  skull,  so  that  the 
floor  on  which  the  olfactory  lobes  lie  is  the  roof  of  the  hinder  and  more  important 
part  of  the  nasal  labyrinth.  The  septum  between  the  two  halves  of  this  labyrinth  is 
mainly  formed  of  the  intertrabecula,  but  the  thicker  part  of  the  septum,  where  it  is 
becoming  lower  behind,  has  the  cornua  trabeculae  confluent  with  the  azygous  bar. 

*  In  this,  as  in  my  former  papers,  the  “  hyomandibular,”  in  all  its  modifications,  is  treated  of  as  part 
of  the  hyoid  arch.  In  ancestral  forms  it  may  have  been  a  distinct  arch  (see  Anton  Dohen’s  ‘  Studien,’ 
1885). 
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There  is  no  complete  nasal  floor,  except  close  behind  the  external  nostrils,  in  front, 
and  in  the  blind  end  of  each  capsule,  behind,  where  the  presphenoid  lies  between  each 
space  :  the  cavities,  there,  right  and  left,  being  the  embryonic  form  of  the  ‘‘sphenoidal 
sinuses.” 

To  make  these  numerous  §nd  complex  figures  more  intelligible,  the  related  parts 
are  merely  indicated ;  the  skeletal  structures  are  the  parts  to  be  brought  into  pro¬ 
minence.'" 

1st  Section  (Plate  3,  fig.  1).— This  section  is  through  the  end  of  the  snout  at  the 
opening  of  the  nostrils  and  in  front  of  the  lower  jaws.  The  broad  upper  part  passes 
sinuously  into  a  narrower  lower  part,  which  has  a  concave  outline  below.  The 
septum  nasi  ( s.n .)  is  complete,  and  has  two  narrow  wings  below,  that  belong  to  the 
floor  (n.f),  and  wide  arched  wings  above  ( al.n .),  bifid  at  their  lower  edge.  The  section 
of  the  prenarial  cavity  (n.p.)  is  lunate,  for  there  is  here  the  beginning  of  the  thick 
valvular  cushion  of  the  nostril. 

2nd  Section  (Plate  3,  fig.  2). — This  section  is  from  behind  the  nostrils,  but  close 
to  them  :  here  the  palatal  hollow  begins. 

The  septum  (s.n.)  is  thin  in  the  middle  at  this  part,  and  the  alinasal  roof-tracts 
are  sharp  at  their  lower  edge.  The  two  dilatations  of  cartilage  below  the  septum  are 
confluent  here,  and  right  and  left  of  the  solid  foot  there  is  a  large  pouch-shaped  recess 
to  the  nostril  (n.r.) ;  this  narial  recess  runs  through  several  sections,  showing  that  it 
is  of  considerable  width.  At  the  top,  the  septum  is  beginning  to  dilate,  and  a 
valvular  wing'  of  the  lining  membrane  is  seen  in  this  dilatation. 

The  narial  valve  (n.v.)  is  very  large  here,  and  contains  a  section  of  a  finger-shaped 
process  of  the  alanasi.  In  the  following  sections  this  passes  into  the  general  cartilage, 
so  that  it  is  not  a  separate  segment. 

The  nasal  bones  (n.)  come  into  view  as  far  forwards  as  this  section  (see  also  Plate  2, 
fig.  1),  for  they  run  well  over  the  snout. 

3 rd  Section  (Plate  3,  fig.  3). — This  is  through  the  whole  fore  face,  for  it  takes  in 
the  top  of  the  tongue  (tg.)  and  the  beginning  of  the  lower  jaws,  where  Meckel’s 
cartilages  (b.mn.)  are  confluent.  The  septum  nasi  (s.n.)  is  very  thin  in  the  middle,  but 
is  expanded  above  ;  below,  it  stretches  into  a  limited  floor,  flat  below,  and  not  far  from 
the  wide  proximinal  part  of  the  valvular  process,  which  supports  the  many-lobed  valve 
(n.v.).  The  nasal  bones  (n.)  only  are  seen  in  this  section. 

4 th  Section  (Plate  3,  fig.  4). — In  this  section  the  Meckelian  rods  (ink.)  are 
separate,  the  dentaries  (d.)  are  cut  across,  and  a  tooth-socket  (t.)  is  seen  above  each 
bone  ;  above,  the  nasals  (n.)  are  seen.  The  septum  nasi  still  thin  below,  is  winged 
above,  and  these  wings  are  the  skeleton  of  a  large  upper  narial  lobe.  The  lower  valve 
is  smaller,  but  the  whole  passage  is  narrowed  by  folded  thickenings  of  the  lining 

*  These  sections,  and  the  rest  of  the  thin  transparent  stained  preparations  of  this  kind,  were  made  for 
me  by  one  of  my  Sons,  and  the  camera  drawings  of  them  by  another ;  about  one-sixth  of  the  163 
sections  made  of  this  one  head  were  drawn ;  only  three-fifths  of  each  drawing  has  been  engraved. 
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skin.  The  valvular  process  of  cartilage  is  seen  here  to  be  merely  a  part  of  the  wall, 
and  there  is  but  a  small  space  between  this  and  the  oblique  floor-tract  attached  to  the 
bottom  of  the  septum.  Two  of  the  foremost  of  a  series  of  glandular  crypts  ( gl.c .)  are 
cut  across,  the  larger  of  these  is  lodged  between  the  side  and  floor. 

5th  Section  (Plate  3,  fig.  5). — About  six  of  the  sections  made  at  this  part  show  a 
complete  double  nasal  tube,  for  here  the  wall,  valvular  process,  floor,  and  septum,  are 
all  confluent.  Here  the  septum  ( s.n .)  is  much  thicker  throughout;  it  still  retains  the 
winged  growth  above,  and  the  valvular  folds  of  the  lining  skin  are  very  numerous. 
Here  the  thickened  septum  is  of  less  vertical  extent,  and  the  thick  ends  of  the  floor 
drop  from  their  point  of  union  with  the  septum.  There  is  a  crypt  {gl.c.)  here  under 
the  valvular  process,  and  another  at  the  upper  third  of  the  wall,  between  it  and  the 
lining  membrane.  The  nasals  {n.)  are  wider  here. 

6th  Section  (Plate  3,  fig.  6).' — At  this  part  the  floor  of  the  alinasal  fold  has  again 
become  free  from  the  base  of  the  septum  {s.n.),  which  is  of  small  vertical  extent,  but 
thick — thickest  in  the  middle  The  upper  alate  enlargement  is  gone,  but  the  fold  of 
skin  is  still  large,  and  runs  out  transversely.  This  is  the  last  section  showing  the 
fold  in  the  narial  valve  (n.v.),  and  there  is  a  wide  and  hollowed  space  between  it  and 
the  part  forming  the  inner  floor.  That  part  is  now  tubular,  the  top  of  the  tube  {rc.c.) 
being  sharp  and  fitting  against  the  base  of  the  septum.  Besides  the  two  pairs  of 
glandular  crypts  {gl.c.),  there  is,  in  each  tube  of  cartilage,  an  apparently  glandular 
body ;  this  is  “  Jacobson’s  organ”  {j.o.),  a  structure  which  will  appear  in  several  of 
these  selected  sections.* 

Small  points  of  bone  are  now  apparent  beneath  the  nasal  canal,  right  and  left, 
these  are  the  premax  diaries  {px.)  ;  the  nasals  {n.)  are  still  seen  above. 

7th  Section  (Plate  3,  fig.  7). — This  section  is  behind  the  alinasal,  in  the  fore  part  of 
the  aliseptal  region.  The  thickening  which  showed  itself  in  the  middle  of  the  septum 
in  the  last  section  is  now  at  the  base ;  it  is  due  to  the  fact  that  the  intertrabecula  is 
essentially  a  roundish  and  somewhat  compressed  bar  of  cartilage,  which  has  shot  up 
into  a  thick  crest  to  join  the  roofs  of  the  nasal  capsule  ( al.sp .).  The  middle  valvular 
fold  has  now  sunk  down  so  as  to  be  opposite  the  base  of  the  septum;  between  it  and  the 

*  Eor  accounts  of  tlte  structure  and  meaning  of  ttds  part  the  reader  is  referred  to  the  “  Bibliographical 
List.  In  my  earlier  papers  on  the  skull  my  attention  had  not  been  directed  to  this  part,  and  I  was  not 
then  aware  of  the  curious  modification  of  the  fore  part  of  the  skull  caused  by  it.  In  the  paper  on  the 
Pig  s  skull  (Phil.  Trans.,  1874,  Plates  28-37)  the  supporting  cartilage  is  fi  gured  and  described  as  the 
recurrent  cartilage” — a  name  I  shall  retain.  In  the  more  recent  papei’s  on  the  skull  of  the  Snake 
(Phil.  Trans.,  1878,  Plates  27-33),  and  in  that  on  the  skull  of  the  Lizard  (Phil.  Trans.,  1879,  Plates 
37-45),  I  have  called  the  pair  of  Jacobson’s  organs  by  Rathke’s  term,  namely,  “nasal  glands;”  this, 
however,  is  a  misleading  term,  as  they  have  nothing  to  do  with  the  nasal  glands  of  Birds.  In  the  Snake 
and  Lizard  these  parts  are  protected  by  cartilage  derived  from  the  alinasal  region,  but  they  are  actually 
encapsuled  in  a  pair  of  curious  bones ;  these  are  the  paired  vomers,  which  form  the  “  dish  ”  and  the 
septomaxillaries  that  form  its  “cover.”  The  anterior  paired  vomers  are  very  constant  in  Mammals; 
but  I  have  not  yet  found  the  septomaxillaries  in  any  member  of  this  Class. 
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outer  fold  the  nasal  canal  is  deep.  The  outer  fold  is  not  the  same  as  in  the  last 
section  ;  it  is  not  a  valvular  fold  of  the  external  nostril,  but  the  beginning  of  the 
“inferior  turbinal”  ( i.tb .),  and  is  formed  as  a  pedate  enlargement  of  the  upturned 
wall.  The  cartilages  protecting  “Jacobson’s  organs”  ( j.o .)  are  no  longer  tubular, 
but  form  half  a  tube,  open  externally,  the  organ  lying  in  the  outer  hollow.  But  the 
cartilages  themselves  have  an  osseous  counterpart  protecting  them  on  the  inner  side, 
and  having  their  shape  and  direction;  these  are  the  “  anterior  paired  vomers”  (v'.); 
bones  well  known  for  their  large  development  in  the  Ophidia  and  Lacertilia  ;  they 
do  not  represent  a  divided  “  vomer,”  proper,  which  in  nearly  all  Mammalia  is  well 

developed  also,  and  begins  above  these  bones,  as  the  next  section  well  shows.  Two 

pairs  of  “  crypts”  are  seen  still,  in  section,  and  besides  the  large  section  of  the  nasal 
bones  (: n .),  we  have  the  hinder  edge  of  the  premaxillaries  (see  Plate  2,  figs.  6  and  8,  px.). 

The  palatal  vault  is  very  high  here,  it  is  partly  occluded  by  the  tongue  (tg.), 
below  which  the  lower  jaws  are  seen  each  with  its  Meckelian  rod  ( mk .),  its  dentary 
bone  (cl.),  and  its  tooth  socket  (t.). 

8th  Section  (Plate  3,  fig.  8). — This  is  through  the  angle  of  the  mouth  and  the  middle 
of  the  inferior  turbinal.  The  septum  nasi  is  here  one-third  deeper  than  in  the  last, 
and  is  more  definitely  bulbous  below.  The  roof  passes  into  a  deep  wall  which  ends 
in  the  inferior  turbinal ;  this  is  two-lobed,  now,  and  each  lobe  is  convex  in  its  mner 
and  upper  face  ;  the  wall  of  the  nose  is  sharp  below  the  turbinals. 

The  recurrent  cartilage  ( rc.c .)  is  largest  at  this  part,  and  so  are  the  small  anterior 
paired  vomers,  but  Jacobsox’s  organ  has  the  same  diameter,  nearly,  as  in  the  last 

section.  Here  the  bifid  fore  end  of  the  true  vomer  is  cut  across,  close  beneath  the 

intertrabecular  cartilage.  The  crypts  ( gl.c .)  still  appear,  so  that  there  are  two  rows  of 
them  on  each  side.  Here  the  section  of  the  nasal  (n.)  is  large,  and  the  fore  part  of 
the  maxillary  (mx.)  is  cut  across  on  each  side  ;  this  bone  appears  in  two  parts  ;  this  is 
because  of  the  beginning  of  the  alveolar  groove,  which  runs  between  the  lateral  and 
palatine  portions  of  the  bone  (see  Plate  2,  fig.  6). 

The  section  of  the  tongue  (tg.)  is  large  here,  and  the  dentary  bone  ( d .)  outside 
Meckel’s  cartilages  (mk.)  is  in  several  laminae. 

9th  Section  (Plate  3,  fig.  9). — This  section,  of  which  more  than  half  is  figured,  and 
drawn  on  a  smaller  scale  than  the  first  eight,  brings  us  into  an  increased  complexity  of 
the  nasal  labyrinth.  The  septum  (s.n.)  is  like  that  of  the  last  section,  but  the  roof 
of  the  labyrinth  is  much  flatter,  and  besides  the  more  developed  inferior  turbinal, 
there  is  now  the  nasal  turbinal  (n.tb.),  which  runs  obliquely  from  the  roof  to  the  side 
wall,  enclosing  a  long  ova]  space.  In  the  main  channel,  inside  this  space,  there  is  a 
free  section  of  cartilage,  it  is  triangular,  and  has  its  apex  looking  upwards,  this  is  a 
“precurrent  process”  of  the  middle  turbinal  (see  also  fig.  9a,  pc.c.) ;  it  is  equally 
developed  in  these  types,  and  in  the  Insectivorous  Hedgehog — its  largest  growth  is 
seen  in  the  Aard-Vark  ( Orycteropus ,  Plate  15). 

This  section  is  near  the  end  of  Jacobson’s  organ  and  its  related  cartilages  ;  but  the 
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proper  vomer  (v.)  is  now  a  large  trough  of  bone  composed  of  several  laminae.  The 
nasals  and  the  max  diaries  (mx.)  are  still  seen  in  section,  and  below  we  have  the 
dentary  with  its  increasing  laminae,  and  Meckel’s  cartilage  (ink.). 

10 th  Section  (Plate  3,  for  fig.  9a.  read  10)- — This  is  from  a  very  slight  distance 
behind  the  last,  it  is  given  to  show  how  soon  the  nasal  turbinal  ( n.tb .)  becomes  free 
below.  In  both  this  and  fig.  9  the  glandular  crypts  ( gl.c .)  are  seen  to  be  increasing  in 
number,  and  to  be  crowding  between  the  Schneiderian  membrane  and  the  cartilage. 

11  th  Section  (Plate  3,  fig,  11). — Here  we  see  that  the  most  complex  part  of  the  nasal 
labyrinth  lies  beneath  the  cribriform  plate  ;  the  olfactory  fibres  (I.)  are  here  seen 
entering  from  the  olfactory  lobes  or  “  rhinencephala  ”  (Cw).  The  septum  here  is  the 
perpendicular  ethmoid  (p.e.)  ;  it  is  thinuish  above,  and  very  bulbous  below  ;  the  crest 
above  is  the  “  crista  galli.” 

The  floor  of  the  fore  part  of  the  cranium  is  here  only  perfect  near  the  septum  ;  but 
the  cartilage  increases,  laterally,  so  that  the  olfactory  nerves  then  pass  through  holes, 
and  not  through  chinks  as  at  present  (see  Plate  2,  fig.  5).  Here  the  upper  part  of 
the  labyrinth  answers  to  the  upper  turbinal  in  Man,  and  the  lower  part  to  his  middle 
turbinal.  The  cartilage  at  this  part  encloses  a  large  oblique  oval  cavity,  round  which 
a  perfect  ring  of  glandular  crypts  are  packed.  The  inner  process  of  cartilage,  which 
runs  free  from  that  ring,  is  the  hinder  or  proximal  part  of  the  free  precurrent  cartilage 
seen  in  the  last  two  figures  (see  fig.  9a,  pc.c.). 

Here  we  see  that,  behind,  the  recurrent  cartilage  ( rc.c .)  protecting  Jacobson’s  organ 
overlaps  this  curious  fore-growth  of  the  middle  turbinal,  for  its  section  is  still  seen 
above  the  edge  of  the  vomer  (v.). 

The  bones  seen  above  the  labyrinth  are  no  longer  the  nasals,  but  the  frontals  (see 
Plate  2,  fig.  7,  f),  which  are  very  large  plates  in  this  type,  whilst  the  nasals  are 
rather  short.  The  maxillaries  (mx.)  are  very  large,  and  have  many  laminae  at  this 
part,  and  the  palatine  plates  (above  m.)  nearly  meet  at  the  mid-line.  But  between 
the  frontals  and  maxillaries  there  is  the  huge  lacrymal  (l. ;  see  also  Plate  2,  fig.  8), 
which  has  a  facial  as  well  as  an  orbital  plate. 

Meckel’s  cartilages  (mk.)  are  seen  below,  with  their  protecting  dentaries  ( d .)  which 
-  are  developing  a  considerable  amount  of  diploe,  here,  at  the  middle  of  the  ramus  (see 
Plate  2,  figs.  3  and  8,  d.). 

12 th  Section  (Plate  3,  fig.  12). — This  is  through  the  fore  part  of  the  hemispheres 
(C1'7.)  and  of  the  eye-balls  (e).  The  nasal  roof  is  cut  through  behind  the  cribriform 
plate  (see  Plate  5,  fig.  1),  and  this  part  of  the  nasal  labyrinth  is  sub-cranial,  and  the 
proper  cranial  walls  are  above,  and  external,  to  this  part  of  the  turbinals  which  are 
reduced  to  two  folds.  The  outer  of  these  folds  of  the  middle  turbinal  (m.tb.)  is  fixed, 
both  above  and  below,  the  inner  is  free,  above  ;  they  are  both  turned  inwards  and 
upwards.  This  part  of  the  capsule  has,  in  some  degree,  coalesced  with  the  septum 
(p.e.)  both  above  and  below ;  its  very  bulbous  form  at  the  base  is  well  shown  ;  this  is 
the  last  figured  section  that  shows  only  the  intertrabecula.  Indeed,  even  here,  it  is 


20 


MR.  W.  K.  PARKER  OK  THE  STRUCTURE  AND 


possible  that  the  foremost  part  of  the  paired  trabeculae  may  have  helped  to  thicken 
the  bulbous  part. 

At  a  short  distance  from  the  nasal  wall  the  fore  part  of  the  orbitosphenoid  is  shown 
in  section  ;  but  further  forwards  (see  Plate  5,  fig.  1,  o.s.)  that  wing  is  continuous  with 
the  nasal  wail.  Over  these  parts  the  frontal  shows  itself  twice,  above,  where  it  lies 
over  the  flattish  hemispheres  (CH),  and  laterally,  where  the  orbital  plate  protects  the 
orbitosphenoid  over  the  eye-ball  (e.). 

The  nasal  channels  are  almost  reduced  to  two  sub-oval  naso-palatine  canals,  for 
here  the  skin  covering  the  vomer  (v.)  lies  very  near  the  skin  covering  the  halves  of  the 
hard  palate. 

Four  bony  sections  are  seen  here  ;  the  two  small  upper  pieces  are  the  hinder  forks  of 
the  vomer  ( v .),  the  outer  and  larger  plates  are  the  palatine  bones  (pci.),  which  extend 
round  the  passage,  above  and  below.  Below,  these  bones  soon  meet  at  the  mid-line, 
like  the  maxillaries,  carrying  on  the  hard  palate  (see  Plate  2,  fig.  6,  mx.,  pa.) ;  above, 
they  nearly  touch  the  forks  of  the  vomer.  Under  each  eye-ball  there  is  a  bony  section, 
flattish  and  upturned  externally  ;  this  is  the  jugal  (j.).  Nearer  the  mid-line  the 
large  high  dentary  (cl.)  is  seen,  and  inside  its  lower  part  Meckel’s  cartilage  ( mJc .). 

13 th  Section  (Plate  4,  fig.  1). — This  partial  figure  shows  a  very  long  part  of  the 
frontal  bone  (f.)  and  a  larger  amount  of  orbitosplienoidal  cartilage  (o.s.),  confluent, 
here,  with  the  outside  of  the  narrowing  nasal  labyrinth,  but  at  a  distance  from  its  own 
root,  the  presphenoid.  The  median  cartilage  is  still  the  perpendicular  ethmoid  (p.e.), 
and  its  shape  here  is  very  instructive  ;  the  extension  of  the  cartilage  below  the  nasal 
labyrinth  is  due  to  the  addition,  right  and  left,  of  a  wedge-shaped  tract — the  cornu 
trabeculae  to  each  side  of  the  bulbous,  crested  intertrabecula.* 

The  cavity  of  the  nasal  labyrinth  is  now  reduced  to  three  small  recesses,  the  outer 
nearly  obsolete  ;  and  the  folds  of  the  middle  turbinal  (m.tb.)  are  confluent  with  both 
wall  and  floor,  and  look  inwards  and  upwards.  Here  the  top  of  the  intertrabecula  has 
lost  the  crest  (crista  galli) ;  the  cartilage  here,  behind  the  cribriform  plate,  is  lowering 
towards  the  presphenoidal  region. 

In  the  last  section  the  upper  part  of  the  mucous  membrane  lining  the  naso-palatine 
canals  almost  rested  upon  the  lower  so  as  to  divide  them  imperfectly.  Here  these 
folds  are  more  separated  in  the  middle,  and  the  canal  (n.jJ.c.)  is  single,  shallow  in  the 
middle  and  deeper  at  each  end.  Outside  this  common  canal  tire  pterygoid  bone  (pg-) 
is  seen  merely  hooking  round  the  passage  in  a  crescentic  form. 

The  high  coronoid  region  of  the  mandible  (cl.)  is  here  cut  across,  and  Meckel’s 
cartilage  (mk.)  is  seen  lying  on  the  inturned  lower  edge;  the  jugal  (j.)  still  comes 
into  section  under  the  eye-socket. 

14 th  Section  (Plate  4,  fig.  2). — This  is  through  the  widest  part  of  the  orbito- 

*  This  part  is  explained  by  what  is  seen  in  the  early  chondrocranium  of  the  Turtle  and  the  Crocodile 
(see  ‘Challenger  Reports,’  Zoology,  vol.  1,  plate  5;  and  Trans.  Zool.  Soc.,  vol.  11,  plate  64,  fig.  5; 
and  plate  65,  figs.  2,  3,  7). 
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sphenoid  (o.s.),  which  appears  in  the  figure  to  be  cut  off  from  its  base;  this  is  due, 
however,  to  the  fact  that  this  section  is  through  the  sphenoidal  fissure.  Here  the 
basal  part  ( p.s .)  is  spindle-shaped  in  section  ;  this  is  due  to  the  fact  that  the  trabeculae 
are  here  adding  their  thickness  to  the  solid  intertrabecula,  and  that  they  are  giving 
off  the  orbitosphenoids,  which,  here,  are  not  continuous  with  their  root.  The 
frontal  (f.)  is  broad,  and  curls  round  the  orbitosphenoid,  into  the  orbit.  Here  the 
pterygoids  (pg.)  are  very  solid,  and  protect  a  transversely  elliptical  space,  the  naso¬ 
palatine  canal  ( n.p.c .).  Above  and  outside  each  pterygoid,  a  small  V_s^aPe<i  section 
of  bone  is  seen;  this  is  the  foremost  part  of  the  lower  alisphenoidal  centre  (see  Plate  2, 
fig.  6,  cd.s.).  The  jugal  (j.),  dentary  (d.),  and  Meckelian  rod  ( mk .),  are  very  similar  in 
this  to  the  last  section. 

15 tli  Section  (Plate  4,  fig.  3). — Here  the  presphenoid  (p.s.)  is  far  separated  from 
the  large  upper  band  of  the  orbitosphenoid  (see  Plate  2,  fig.  1,  o.s.)  ;  its  triple  form 
answers  to  its  compound  nature,  formed  as  it  is  from  a  bulbous  middle,  and  two 
wedge-shaped,  lateral,  pieces — the  intertrabecula  and  the  trabeculae.  The  Mammalian 
type  of  skull  is  seen  here,  for  the  alisphenoid  (cd.s.)  overlaps  the  lower  part  of  the 
orbitosphenoidal  region,  and  lies  a  good  distance  outside  it.  There  is  a  thick  core  of 
cartilage  at  this  part,  with  an  ectosteal  deposit  on  its  upper  edge,  the  foremost  part 
of  which  was  seen  in  the  last  section.  The  naso-palatine  canal  (n.p.c  )  is  kidney¬ 
shaped  in  section  here,  the  “  lrilus  ”  being  above.  On  each  side  of  this  passage  the 
pterygoids  (pg.)  are  seen  to  be  very  thick  in  this  their  hinder  part.  Laterally,  the 
point  of  the  zygomatic  process  of  the  squamosal  (sq.)  is  seen  riding  over  the  hind 
part  of  the  jugal  ( j .),  and,  inside  this,  the  ramus  of  the  mandible  is  seen  to  be 
composed  of  a  mass  of  hyaline  cartilage,  besides  the  bony  dentary  (d.)  which  protects 
Meckel’s  rod  (mk.). 

1 6th  Section  (Plate  5,  fig.  4). — -We  are  here  in  the  widest  part  of  the  hemispheres, 
and  the  fore  part  of  the  pituitary  body  (pg.)  is  cut  through.  Beneath,  the  basal 
cartilage  is  composed  of  the  beginning  of  the  trabeculae  (tr.),  and  it  is  seen  to  be 
double  not  triple.* 

This  prepituitary  part  of  the  basisphenoid  (b.s.)  is  cut  across  close  in  front  of  the 
narrow  pedicle  of  the  alisphenoid  (see  Plate  5,  fig.  1,  cd.s.,  b.s.),  in  the  innermost  part 
of  the  sphenoidal  fissure,  so  that  the  cartilage  appears  in  two  pieces  on  each  side  of 
the  basal  mass.  The  alisphenoid  is  not  merely  calcifying ;  it  is  being  rapidly 
converted  into  bone,  within,  and,  externally,  has  two  thick  ectosteal  plates  on  it,  an 
upper  and  a  lower  alisphenoidal  bone  (see  Plate  2,  fig.  6,  and  Plate  5,  fig.  1,  al.s.' , 
cd.s.).  The  parts  of  the  mandible  and  face  are  like  what  are  seen  in  the  last  section  ; 
but  the  naso-palatine  canal  (n.p.c.)  has  now  opened  into  the  fauces.  The  upper  band  of 


*  In  these  decalcified  sections  the  lime-salts  were  removed,  but  the  cartilage  cells  were  becoming 
calcified  (see  Plate  2,  fig.  1,  b.s.)  as  the  basisphenoidal  bone.  In  the  19th  and  20th  Sections  (Plate  4, 
figs.  8,  9)  the  same  is  true  of  the  middle  of  the  basioccipital  region. 
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cartilage  ( o.s .)  running  from  the  orbitosphenoicl  to  the  auditory  capsules  still  retains 
its  breadth,  and  is  protected  by  the  frontal  bone  (/.). 

1 7  th  Section  (Plate  4,  fig.  5). — This  section  is  through  some  very  notable  parts  of 
the  skull  and  its  contents.  The  hemispheres  are  here  at  their  widest  part,  and,  below, 
the  pituitary  body  (py.)  is  cut  through.  Here  is  the  wide  splieno-auditory  fissure 
(see  Plate  2,  fig.  6,  and  Plate  5),  over  which  the  large  Gasserian  ganglion  (Y.)  lies. 

The  frontal  ( f )  still  protects  the  posterior  band  of  the  orbitosphenoid  (o.s.),  and 
below  this  an  infero-lateral  bone  comes  into  section,  namely,  the  squamosal  ( sq .),  just 
where  it  is  forming  a  broad  part  for  the  hinge  of  the  lower  jaw  (cd.p.).  Here  this  bone 
helps  to  form  the  cranial  wall,  in  the  re-entering  angle  between  the  frontal  and 
parietal  (see  Plate  2,  fig.  8  ;  f  ,p.).  The  dentary  bone  (cl.)  and  Meckel’s  cartilage 
(ink.)  are  seen  below  that  mass  of  superficial  cartilage.  The  dentary  (cl.)  at  its  angular 
part  here  comes  close  to  the  pyriform  cavity  exposed  at  this  part — the  tympanic 
cavity  (c.ty.) ;  the  broad  end  of  this  open  section  is  below,  and  the  narrow  upper  end 
turns  a  little  outwards. 

Below  this  space  the  epihyal  cartilage  (e.hy.)  is  cut  across.  Here  the  faucial 
passage  is  very  narrow  below  ;  above  it,  the  basis  cranii  is  near  the  basioccipital 
region  close  behind  the  postclinoid  elevation.  The  notochord  (nc.)  lies  below,  in  the 
primary  chink  between  the  two  parachordal  tracts  ;  and  its  end  is  hooked  downwards 
(see  also  Plate  3,  fig.  13,  nc.),  a  state  of  things  first  shown  by  Balfour  in  the  Shark 
(;  Elasmobranchs,’  p.  209,  Plate  14,  figs.  9a  and  16a.)  ;  and  then  by  me  in  the  Green 
Turtle  (‘Challenger’  Reports,  Zoology,  vol.  i.,  plate  8,  figs.  6  and  6a). * 

The  interauditory  part  of  the  basis  cranii  is,  here,  twice  as  wide  as  it  is  thick ;  it  is 
hollow  above,  and  convex  below  ;  the  latter  part  being  split,  and  having  the  notochord 
in  the  fissure.  The  bulbous  end  of  the  cochlear  part  of  the  auditory  capsule  (see  fig. 
6,  chi.)  is  here  cut  across,  just  exposing  the  spiral  cavity,  and  showing  the  apiculated 
fore  end. 

18 th  Section  (Plate  4,  fig.  G). — The  hemispheres  (CP),  the  mid-brain  (C2.)  ;  the 
infundibulum,  and  the  pituitary  body  (py.)  are  still  seen  (for  the  sections  are  a 
little  oblique,  and  they  incline  downwards  and  backwards),  but  the  basis  cranii  is 
cut  through  close  behind  the  postpituitary  wrall  or  elevation.  The  hinder  part  of 
the  Gasserian  ganglion  (V.)  is  cut  through,  and  under  this  the  cochlea  (chi.)  has  its 
cavity  exposed  ;  the  notochord  (nc.)  is  seen  in  the  chink  below,  in  the  solid  basi¬ 
occipital  cartilage  ( b.o .). 

The  backward  extension  of  the  orbitosphenoid  (s.a.c.)  is  still  seen,  overlapped  here 
by  the  parietal  (p.).  The  squamosal  (sq.)  is  cut  across  behind  the  glenoid  cavity,  and 
below  and  within  this  part,  at  a  moderate  distance,  Meckel’s  cartilage  (mlc.)  is  still 
seen  in  section.  Underand  inside  it  there  is  a  small  crescentic  tract  of  bone;  this 

*  Whatever  theory  may  turn  out  to  he  true  as  to  the  nature  of  the  prepituitary  part  of  the  skull — the 
trabeculae  and  intertrabecula — we  have  here  a  most  valuable  landmark,  for  the  down-turned  end  of  the 
notochord  is  certainly  the  cephalic  termination  of  the  axis  of  the  vertebrated  creature. 
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is  the  “articulare  externum” — here  the  rudiment  of  the  bony  malleus  (ml.).  Opposite 
these  parts  the  outer  skin  is  somewhat  enfolded  ;  this  is  the  beginning,  or  fore  margin, 
of  the  external  auditory  meatus  ( m.a.e .).  The  tympanic  cavity  ( c.ty .)  broadens 
towards  Meckel’s  cartilage,  and  has  a  concave  upper  border ;  it  is  very  large  at  this 
part,  and  has  the  epihyal  ( e.hy .)  below  its  lower,  inturned  recess. 

19 th  Section  (Plate  4,  fig.  7). — This  is  from  a  short  distance  behind  the  last,  and  is 
through  the  posterior  clinoid  wall,  which  is  low  and  indistinct.  The  cochlea  (chi.)  is 
laid  open  at  its  anterior  third,  and  the  cartilaginous  capsule  is  perforated  above,  and 
notched  laterally,  for  the  facial  nerve  (Mil).  Through  the  obliquity  of  the  section  the 
pituitary  body  (py.)  is  still  seen  from  behind;  the  internal  carotid  arteries  ( i.c .)  are 
entering,  right  and  left. 

The  basis  cranii  is  here  at  its  narrowest  part;  this  is  the  region  of  occipito-sphenoidal 
synchondrosis.  The  wall-cartilage  is  here  of  great  depth ;  this  may  be  called  the 
supra-auditory  tract  of  the  chondrocranium  (s.a.c.)  between  the  hinder  orbito- 
sphenoidal  band  and  the  completed  occipital  roof  (Plate  5,  fig.  1).  The  squamosal 
(sq.)  and  the  parietal  ( p .)  are  here  seen  cut  through  ;  the  latter  also  reappears  opposite 
the  involution  of  the  skin  forming  the  outer  ear.  Meckel’s  cartilage  is  here  seen 
where  it  is  giving  off  the  “  manubrium  mallei,”  and  the  bulbous  form  it  has  at  this  part 
gives  the  section  the  appearance  of  discontinuity  between  the  head  and  the  handle  ; 
this  is  corrected  by  the  figure  of  the  dissection  (Plate  2,  fig.  4). 

This  internal  angular  process  of  the  lower  element  of  the  first  arch  is  seen  to  push 
the  lining  of  the  drum  cavity  before  it,  in  its  growth  downwards  and  inwards.  Under 
and  outside  the  cavity  patches  of  cartilage  are  seen ;  these  are  parts  of  the  annulated 
meatus,  and  the  inner  ring,  on  which  the  “  os  tympanicum  ”  or  annulus  is  forming. 

Below  the  cavity,  the  epihyal  is  seen  cut  across  ;  below  it  the  chorda  tyrnpani 
branch  of  the  facial  nerve  was  seen  in  section,  and  from  the  manubrium  mallei  the 
tensor  tympanic  muscle  (t.trn.)  is  seen  passing  inwards  and  upwards. 

20 th  Section  (Plate  4,  fig.  8). — The  supra-auditory  cartilage  is  not  continuous,  here, 
with  the  capsule;  this  tract  is  protected  by  the  parietal  (p.),  and  below  the  parietal 
a  part  of  the  squamosal  (see  fig.  7,  sq.)  is  cut  across.  The  large  lateral  lobes  of  the 
hemispheres  are  seen  to  cover  the  mid-brain  ;  below  this  the  basilar  artery  (b.a.)  is 
seen,  and  right  and  left  of  the  basis  cranii  the  internal  carotids  (i.c.)  are  entering. 
Here  the  basioccipital  cartilage  ( b.o .)  is  like  a  thick  warped  plank  whose  convexity  is 
below.  The  space  between  the  capsule  and  the  basal  part,  which  was  slight  in  the  last 
section,  is  widened  here,  and  will  become  considerably  wider  where  the  9th  and  10th 
nerves  emerge. 

o 

On  this  left  side  the  cochlea  (chi.)  is  cut  through  at  its  widest  or  proximal  part,  and 
the  tegmen  tyrnpani  growing  out  from  it  covers  the  emerging  facial  nerve  (VIL). 
Here  the  malleus  (ml.)  is  sectioned  so  as  to  show  a  continuous  growth  of  cartilage  from 
the  head  down  to  the  end  of  the  manubrium,  the  inturned  end  of  which  lies  on  that 
part  of  the  infolded  skin  which  becomes  the  membrana  tyrnpani.  Under  the  crescentic 
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cavum  tympani  the  meatus  ( m.a.e .),  at  its  proximal  part,  is  cut  through  and  is  carti¬ 
laginous  and  partly  bony;  this  is  the  “annulus;”  below  this  is  the  epihyal  ( e.hy .), 
and  below  this  the  chorda  tympani. 

21  st  Section  (Plate  4,  fig.  9). — In  this  section  the  inner  wall  of  the  capsule  is  broken 
up  into  three  tracts,  for  here  the  related  nerves  (VII.,  VIII.)  enter. 

On  its  inner  face  the  capsule  appears  very  solid,  this  is  partly  due  to  the  obliquity 
of  the  section,  here,  as  we  are  at  the  proximal  part  of  the  cochlea,  where  it  opens  into 
the  general  vestibule  ( vb .).  The  outer  face  of  the  capsule  is  very  broken  up  here,  and 
there  are  several  small  tracts  of  cartilage  to  be  accounted  for.  Below  the  narrowed 
end  of  the  inner  wall  of  the  capsule  the  tympanic  cavity  ( c.ty .)  is  seen  as  a  large  oval 
space,  enlarged  a  little  upwards ;  below  this  the  annulus  is  still  seen,  and  outside  that 
one  of  the  imperfect  rings  of  the  meatus  (m.a.e.)  ;  further  outwards  at  the  edge  of  the 
section  the  folds  of  the  outer  skin,  at  the  passage  of  the  ear,  are  shown. 

Two  fenestrae  are  cut  through  in  the  infero-external  wall  of  the  capsule,  these  are 
the  fenestra  rotunda  ( f.r .)  below,  and  the  fenestra  ovalis  ( fs.o .)  above  ;  the  latter  is 
partly  occluded  by  a  cartilaginous  plate,  the  stapes  (st.),  which,  being  perforated 
by  the  stapedial  artery  (st.a.),  appears  in  two  pieces,  these  are  the  base  and  neck 
of  the  stapes  ;  to  the  latter  a  short  nucleus  of  cartilage  is  seen  to  be  articulated, 
and  a  joint  cavity  exists  between  the  two.  Here  we  have  the  inturned,  orbicular 
part  of  the  long  crus  of  the  incus  (l.c.i.) 

Under  the  lessened  tegmen  tympani  ( t.ty .)  we  see  a  round  tract  of  cartilage  ;  this 
is  the  short  crus  of  the  incus  (s.c.i.). 

22ncl  Section  (Plate  4,  fig.  10). — This  is  from  a  part  close  behind  the  last  section, 
and  the  description  just  given  may  serve,  on  the  whole,  for  this.  The  head  of  the 
malleus  is  hidden  by  the  short  crus  of  the  incus,  and  the  cartilage  is  deficient  in  some 
degree.  The  facial  nerve  (VII.)  is  seen  passing  into  its  canal  beneath  the  tegmen. 
The  cartilaginous  matrix  of  the  “  annulus  ”  is  shown  for  half  its  extent,  and  part  of 
what  seems  to  be  another  annulus  belonging  to  the  meatus  is  seen,  both  are  lettered 
as  meatus-cartilages  (m.a.e). 

The  three  main  openings  of  the  capsule  are  still  seen,  namely,  the  meatus  internus 
for  the  7th  and  8th  nerves  (VII.,  VIII.),  the  fenestra  ovalis  (fs.o.)  with  part  of  the 
base  and  one  of  the  crura  of  the  stapes  (st.)  in  it ;  and,  below,  the  fenestra  rotunda 
(f.r.).  Only  the  top  of  the  incus  (s.c.i.)  is  seen  on  the  outside  of  the  capsule,  and  over 
the  stapes  the  facial  nerve  (VII.)  is  passing  out.  The  flattening  basioccipital  cartilage 
(b.o.)  is  coalescing  with  the  capsule  on  this  side. 

23 rd  Section  (Plate  4,  fig.  11).— This  is  a  very  instructive  section,  showing 
the  relation  of  the  visceral  cartilages  to  the  auditory  capsule.  That  capsule  is  laid 
open  in  the  fore  part  of  the  internal  meatus,  and  the  facial  nerve  (VII.)  is  seen 
from  behind  as  it  enters  the  capsule,  burrowing  through  it,  and  then  reappearing 
over  the  incus  (i.)  under  the  tegmen  tympani.  Its  chorda  tympani,  or  mandibular 
branch  (VII.'),  is  seen  below  the  epihyal  before  it  crosses  over  (outside)  it  to  join  the 


DEVELOPMENT  OF  THE  SKULL  IN  THE  MAMMALIA. 


25 


third  branch  of  the  trigeminal.  On  the  inside  the  capsule  and  basioccipital  cartilage 
are  largely  confluent  at  this  part,  but  this  is  only  for  a  short  distance,  between  the 
ingoing  of  the  internal  carotid  and  the  outgoing  of  the  9th  and  10th  nerves.  The 
huge,  swelling  cochlea  (see  Plate  2,  fig.  6,  clil.)  causes  part  of  the  floor  of  the  capsule 
to  appear,  in  this  section,  to  be  seen  below  the  junction  of  the  capsule  with  the  base. 
Outside  this  part  the  fenestra  rotunda  ( f.r .)  is  cut  across,  and  then,  above  it,  the 
fenestra  ovalis  ( fs.o .),  plugged  with  the  base  of  the  stapes  which  is  cut  through,  so  as 
to  show  the  stapedial  artery  (st.a.)in  its  hole.  Here  the  incus  ( i .)  is  severed  through 
its  body  and  long  crus,  so  as  to  show  it  entire.  The  annulus  and  a  large  part  of  the 
meatus  (ni.a.e.)  are  seen  here  as  cartilaginous  bands.  The  tympanic  cavity  ( c.ty .)  is 
lessening.  (This  section  is  in  front  of  the  last  two  (figs.  9  and  10)  for  the  supra-auditory 
cartilage  (s.a.c.)  is  separate  from  the  capsule ;  it  should  have  been  described  before 
them) . 

24 th  Section  (Plate  4,  fig.  12). — Here  we  are  behind  the  cavum  tympani,  in  the 
hinder  part  of  the  junction  of  the  capsule  with  the  basioccipital,  for  the  9th  and  10th 
nerves  are  here  cut  through  (but  not  lettered).  Under  the  ascending  cartilaginous 
wall,  where  the  cartilage  has  thickened  into  the  wall  of  the  capsule,  the  anterior  semi¬ 
circular  canal  ( a.s.c .)  is  cut  across. 

A  large,  irregular,  open  space  is  seen,  the  vestibule  ( vh .),  and  in  the  wall  behind  it, 
on  the  outside  and  below,  the  facial  nerve  (VII.)  is  seen  emerging  behind  the  epihyal, 
which  is  seen  here  in  its  union  with  the  capsule.  The  front  face  of  this  section  has 
been  drawn  ;  the  small  recess,  here,  is  the'  back  of  the  tympanic  cavity,  and  the  inser¬ 
tion  of  the  stapedius  muscle  is  seen  below  the  hole  for  the  escaping  facial  nerve  (VII.). 

Part  of  the  meatus  externus  ( m.a.e .)  is  laid  open,  and  in  the  wall  of  that  tube  one 
of  the  imperfect  rings  of  cartilage  is  shown.  The  parietal  ( p .)  and  the  squamosal 
(sq.)  are  cut  through  laterally,  and,  below,  the  fore  edge  of  the  atlas  (vt.)  comes  into 
view,  where  it  is  overlapping  the  basis-cranii. 

25 th  Section  (Plate  4,  fig.  13). — This  section  is  somewhat  oblique,  both  laterally  and 
vertically.  The  mid  and  hind  brain  are  cut  through  ;  the  razor  has  passed  close 
behind  the  basioccipital  below,  and  in  front  of  the  supraoccipital  above  ;  hence  the 
chondrocranium  appears  as  two  distinct  tracts,  right  and  left. 

The  supra-auditory  cartilage  ( s.a.c .)  is  very  deep  here,  and  below  its  thick  base 
we  see  the  arch  of  the  anterior  canal  (a.s.c.).  This  canal  is  also  seen  on  the  inner  side 
ol  the  capsule  where  it  joins  the  posterior  canal  to  form  the  common  sinus  ;  on  the  left 
side  the  horizontal  canal  (h.s.c.)  is  also  cut  across,  and  below  it  the  ampulla  of  the 
posterior  canal  ( p.s.c .  ;  see  also  Plate  2,  fig.  1).  The  foramen  for  the  two  larger  post- 
auditory  nerves  shows  part  of  the  glosso  pharyngeal  (IX.),  and  of  the  vagus  (X.) 
in  situ,  and  that  for  the  hypoglossal  (XII.)  does  the  same  ;  the  meatus-cartilage 
is  cut  across. 

In  my  first  Paper  on  the  Mammalian  skull — that  of  the  Pig  (Phil.  Trans.,  1874, 
Plates  28-37),  the  lateral  internal  view  of  the  chondrocranium  of  the  3rd  Stage 
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(Plate  33,  fig.  3)  shows  the  hugh  orbitosphenoid  as  separate  from  the  auditory 
capsule.  It  is  so,  afterwards,  and  in  the  4th  Stage  (Plate  34,  figs.  5,  6)  I  have  given 
perfectly  correct  figures.  In  the  3rd  Stage  the  sections  show  the  continuity  of  these 
tracts  (Plate  32,  fig.  6),  but  this  upper  tract  was  considered  by  me  as  part  of  the 
supraoccipital  roof.  On  the  left  side  of  the  figure  referred  to,  the  cartilage  (s.o.)  should 
have  been  lettered  s.a.c. — “ supra-auditory  cartilage;”  on  the  right  that  tract  also 
lettered  s.o.  shows  where  the  cartilaginous  wall  is  passing  into  the  occipital  roof.  My 
views  as  to  the  morphological  meaning  of  some  of  the  parts  will  be  seen  in  this  Paper 
to  have  undergone  some  change  ;  I  give  here  my  last  deductions. 

I  have  not  cumbered  my  description  with  mere  details,  although  the  actual  sections 
tempted  me  to  give  a  much  more  detailed  account  of  the  structures  displayed  in  them. 
A  comparison  of  the  figured  sections  with  the  figured  dissections  will  make  everything 
plain,  as  every  part  may  be  identified  and  compared  in  the  two  sets  of  figures. 

Dissection  of  the  skull  of  Tatusia  hybrida. — Second  Stage  (embryos,  2  in.,  and  2-|  in.  long). 

This  skull  was  dissected  so  as  to  leave  all  the  investing  bones  in  situ  (Plate  2, 
figs.  6-8)  ;  part  of  it  is  shown  as  dislocated  to  display  the  hinder  end  of  the  mandible 
and  the  tympanic  region  (Plate  6,  fig.  8).  The  endrocranium  may  be  considered  as 
altered  very  little  since  the  last  stage  ;  the  embryos,  dissected,  measured,  not  including 
their  tail,  the  one  2  inches,  and  the  other  2^  inches  in  length. 

This  somewhat  more  advanced  stage  is  very  valuable,  however,  with  regard  to  the 
endocranium,  for  the  bony  centres  formed  in  the  cartilage  are  more  perfect — not  mere 
calcified  tracts. 

The  lower  view  (Plate  2,  fig.  6)  shows  the  peculiar  position  of  the  outer  nostrils 
(e.n.),  namely,  quite  on  the  ventral  aspect  of  the  face;  the  Armadillos  are  terricolous 
in  their  habits.  Behind  and  between  the  coiled  valvular  processes  (al.n.,n.v.)  the  basal 
part  is  bilobate  ;  from  the  back  part  of  the  double  tract  the  protecting  cartilages  of 
Jacobson’s  organ  (fig.  1,  rc.c.)  arise.  In  this  figure  they  are  hidden  to  some  extent 
by  two  small  bones  lying  one  on  each  side  of  the  mid  line  (v\  ;  see  also  Plate  3, 
figs.  7,  8).  These  are  the  anterior  paired  vomers  ;  they  are  thin,  long  shells  of  bone, 
concave  within  and  above.  Outside  these  the  small  premaxillaries  (px.)  are  seen  ; 
they  are  notched  below,  and  have  no  palatine  process. 

These  parts  lie  in  an  angular  space  formed  by  the  fore  part  of  the  huge  maxillaries 
(fig.  6,  mx.);  these  latter  bones  have  several  well-marked  regions  ;  they  extend  from 
the  premaxillaries  to  the  zygomatic  arch  (j.),  and  then  fork,  behind,  so  as  to  enclose  the 
fore  margin  of  the  open  orbital  floor.  A  long  suture  unites  the  two  bones  at  the  mid 
line,  and  outside  this  there  are  two  parts  of  bone  divided  by  a  furrow  which  runs 
almost  parallel  with  the  median  suture.  Thus  the  palatine  part  is  sub-distinct  from 
the  flange  that  grows  from  the  alveolar  region,  with  its  double  wall,  its  intervening 
imperfect  tooth-sockets,  and  developing  teeth.  The  maxillaries  are  scarcely  seen  from 
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above  (fig.  7),  and,  lying  prone  on  the  under  part  of  the  face,  the  infero-anterior  orbital 
foramen,  through  which  a  large  branch  of  the  maxillary  nerve  (V2.)  passes,  is  well  seen 
in  the  lower  view. 

The  palatine  bones  (pa.)  are  well  developed,  and  they  form  two-fifths  of  the  hard 
palate ;  their  suture  continues  that  of  the  maxillaries  up  to  the  front  edge  of  the  basi- 
sphenoidal  region. 

In  general  form  they,  together,  suggest  the  shape  of  the  human  thorax  as  seen  from 
the  front,  and  are  overlapped  by  the  maxillaries  that  form  their  shoulder.  In  front, 
they  interdigitate  with  those  bones,  and  then  have  each  a  foramen  in  their  front 
fourth  ;  their  “  waist  ”  is  succeeded  by  a  pair  of  small  “  haunches  these  are  the 
pterygoids  (jpg.),  smallish,  thick  shells  of  bone,  which  partly  floor  the  naso-palatine 
canal,  but  do  not  meet  in  the  middle.  The  ascending  processes  of  the  palatines  and 
pterygoids  are  not  seen  in  this  view,  but  they  have  been  described  in  the  sections 
(ls£  Stage). 

The  orbital  plates  of  the  frontals  (f.)  are  seen  in  this  view,  and  also  the  bones  that 
form  the  zygomatic  arch  ;  these  are  the  moderately  large,  but  simple,  jugal  (j.),  and 
the  squamosal  ( sq .). 

Besides  showing  the  crescentic,  hollow  glenoid  facet  ( gl.f. ),  this  view  gives  us  a  good 
idea  of  the  secondary,  splint-like  character  of  the  latter  bone,  stretching  from  the 
jugal  nearly  to  the  occipital  arch  ;  it  is  beginning  to  be  scooped  out  where  it  overlies 
the  tegmen  tympani  ( t.ty .).  The  hinder  half  of  the  endocranium  is  well  shown  in  this 
view,  obscured  by  no  investing  bones.  In  the  openings  of  the  orbits,  below,  we  see 
the  lateral  ethmoidal  masses  containing  the  turbinals,  and  behind  these  the  orbito- 
sphenoidal  cartilage  ( o.s .),  perforated  by  the  large  optic  nerve  (II.).  Overlapping 
that  wing,  and  itself  overlapped  above  and  outside,  we  see  the  alisphenoid  ( al.s .),  a 
half-opened  fan  of  thick  cellular  bone,  the  handle  of  which  is  separately  ossified. 
Between  the  handle  and  the  orbitosphenoid  we  see  the  sphenoidal  fissure  through 
which  pass  the  orbital  and  maxillary  branches  of  the  5th  nerve  (V1,2.),  and  the  3rd, 
4th,  and  5th  orbital  nerves. 

In  the  hinder  margin,  behind  the  suture  of  the  two  centres  of  ossification,  there  is 
a  large  notch,  becoming  a  foramen  ;  this  is  for  the  3rd  branch  of  the  5th  nerve 
(V3.),  and  will  be  the  foramen  ovale. 

The  basis  cranii  is  winged  here,  for  the  lower  bone,  forming  the  handle  of  the 
fan-shaped  alisphenoid,  does  not  ossify  close  up  to  the  median  beam  ;  in  that  part, 
a  little  further  backwards,  a  median  bony  centre,  small  and  transverse,  is  seen ;  this 
is  the  basisphenoid  ( h.s .) ;  it  is  below  and  in  front  of  the  postclinoid  wrall  (see  fig.  1). 

The  organs  of  hearing  are  highly  developed  in  the  Armadillos  ;  here,  right  and  left 
of  the  basis  cranii,  we  see  the  huge  cartilaginous  capsules,  with  the  special  cochlear 
enlargement  (chi.),  larger,  relatively,  than  I  remember  to  have  seen  it  in  any  Mammal 
of  a  moderate  size  ;  of  course  it  is,  relatively,  very  large  in  the  smaller  kinds  of  Bats. 

in  this  view  the  cochlear  bulbs  (chi.),  the  tegmen  tympani  (t.ty.)  outside  each,  and 
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the  lesser  bulb  forming  the  mastoid  (opisthotic)  region  (op.)  are  all  displayed  ;  in  the 
latter,  the  ampulla  of  the  posterior,  and  the  end  of  the  horizontal  canals  ( p.s.c .,  the 
latter  is  not  lettered  ;  it  is  in  fig.  4)  shine  through  the  cartilage. 

In  the  interspaces  between  these  large  ear-balls  and  the  hind  skull,  the  vagus  and 
glossopharyngeal  nerves  (X.,  IX.)  emerge,  partly  through  the  fissures,  and  partly  in 
enclosing  cartilage.  The  internal  carotids  enter  the  cranium  between  the  cochleae 
and  the  basisphenoidal  beam  ( b.s .).  Under  the  tegmen  the  facial  nerve  (VII.)  makes 
its  first  exit,  and  then  burrows  the  cartilage  again,  over  and  behind  the  junction  of  the 
epihyal  ( e.hy .)  with  the  capsule.  Postero-externally,  the  auditory  capsule  shows 
two  large  perforations,  the  foremost  of  these  lies  inside  the  hind  part  of  the  tegmen, 
and  opens  into  the  vestibule  ;  this  is  the  fenestra  ovalis  (fs.o.)  ;  the  other,  the  fenestra 
rotunda  ( f.r .),  opens  into  the  cochlea  (chi.)  in  the  postero-lateral  face  of  the  first  turn 
of  the  three-coiled  “  helix.” 

The  basis  cranii  for  the  rest  of  the  skull  is  half  cartilage,  spheno-occipital,  and  half 
bone,  basioccipital  ( b.o .)  ;  this  “  centre”  is  oval,  but  truncated  in  front.  Outside  it,  at 
a  distance  equal  to  its  width,  right  and  left,  the  hypoglossal  nerve  (XII.)  burrows  the 
solid  cartilage  of  the  base  of  the  exoccipital  wall.  Behind  this,  at  a  like  distance,  the 
semi- oval  condyles  are  seen  (oc.c.),  margining  the  huge  sub-circular  foramen  magnum 
( fm .),  at  its  antero-inferior  edge.  The  paroccipital  thickenings  outside  the  condyles 
are  not  large  ;  the  exoccipitals  ( e.o .)  are  beginning  to  harden  the  walls  ;  and  over  the 
foramen  magnum  two  tracts  of  bone  are  seen,  the  two  supraoccipitals  (s.o.). 

In  the  upper  view  (Plate  2,  fig.  7)  the  parts  seen  are  mainly  superficial  ;  the  huge 
occipital  roof,  with  its  two  ear-shaped  bony  centres  (b.o.)  are  seen  behind  the  great 
fontanelle  (fo.).  In  front,  the  roof  of  the  alinasal  region  (cd.n.)  is  but  little  shown,  on 
account  of  the  very  forward  position  of  the  nasal  bones  (n.).  These  bones  are  nearly 
oblong,  they  project  at  the  mid-line,  in  front,  and  are  cut  away,  equally,  behind  ;  then 
they  widen  slightly.  This  region  of  the  skull  is  like  the  narrow  end  of  a  gourd,  and 
the  rest  may  be  likened  to  its  bulbous  part. 

The  frontals  (/.),  together,  give  a  broad-waisted  outline,  being  gently  pinched  in 
over  the  orbits  ;  the  parts  there  marked  off  are  each  as  large  as  the  parietals  (p.), 
behind.  Outside,  the  maxillaries,  jugals,  and  squamosals  (mx.,j.,  sq.)  are  just  seen  ; 
the  lacrvmal  (l.)  also  slightly.  The  fontanelle  (fo.)  is  still  large  and  cruciform;  it  is 
pointed  in  front,  and  dilated  behind. 

But  the  side  view  (Plate  2,  fig.  8)  brings  out  the  form  and  relations  of  the  investing- 
bones  best ;  it  also  displays  more  of  the  inner  skull ;  and  with  it  the  arches  of  the 
face  are  given.  In  front  the  alinasal  cartilage  and  external  nostril  (al.n.,  e.n.)  are 
seen  ;  between  the  frontal  and  maxillary,  the  wall  of  the  upper  turbinal  (u.tb.),  and 
inside  the  orbit,  at  the  bottom,  in  front,  the  wall  of  the  middle  turbinal  (m.tb.). 

Below  the  squamosal  we  see  part  of  the  capsule  of  the  ear  (chi.)  where  the  tympanic 
should  be  ;  behind  the  squamosal,  the  opisthotic  region  with  the  enclosed  posterior 
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canal  ( p.s.c .)  shining  through  ;  below  and  behind  it  the  occipital  condyle  ( oc.c .)  ;  and 
above  that  the  occipital  arch  and  one  of  the  supra  occipital  bones  (s.o.). 

In  this  view  the  peculiar  forward  position  of  the  nasals  ( n .)  ;  the  small  inferodateral 
premaxillary  ( px .) ;  the  large  maxillary  (mx.),  with  its  long  nasal  suture,  its  deficient 
upper  facial  plate,  and  its  notched  jugal  process,  are  seen.  The  infraorbital  foramen 
(V3.)  is  very  low  down  ;  at  a  moderate  distance  above  it  is  the  large,  shelldike 
lacrymal  (l.),  with  an  antorbital  and  a  facial  region,  and  the  canal  ( l.c .)  between. 
Here,  as  well  as  in  the  upper  view,  we  see  what  a  large  amount  of  space  is  covered 
by  the  frontals  (/).  The  preorbital  part  of  each  bone  is  swelling,  to  fit  over  the  huge, 
complex  nasal  capsule,  and  then,  behind  the  supraorbital  “waist,”  the  bone  swells 
again  to  cover  the  hemispheres.  The  orbital  plate  is  also  very  large,  and  hides  most 
of  the  large  orbitosphenoidal  plate;  the  optic  nerve  (II.)  can  just  be  seen  emerging 
from  its  stem.  The  parietals  (p.)  are  roundish  shells,  like  the  halves  of  a  “  bivalve  ;  ” 
they  nearly  reach  the  frontals  in  front,  and  rest  upon  the  squamosals  ( sq .)  below. 
These  latter  bones  are  nearly  as  large  as  the  parietals,  but  of  a  very  different  shape. 
They  reach  nearly  as  far  back,  and  much  further  forwards,  but  are  not  so  deep.  A 
large  triradiate  space  separates  the  three  main  bones,  here,  below  which  the  temporal 
fossa  passes  directly  into  the  wide,  gaping  orbit.  The  zygomatic  process  of  the 
squamosal  is  strong,  and  is  clamped  by  the  straight,  thickish  jugal  (j. ) ,  behind  which 
we  see  the  edge  of  the  glenoid  cavity.  The  postglenoid  process  is  hollow,  and  of  a 
triangular  form  ;  the  posttemporal  process  is  rounded. 

The  lower  jaw  is  very  elegant,  with  its  arcuate  general  ramus  ( d .)  and  its  slender 
coronoid  process  separated  by  a  narrow  notch  from  the  articular  condyle,  and  the 
latter  by  a  smaller  notch  from  the  angular  process  ( ag.p .) ;  much  solid  cartilage  still 
remains  in  these  parts. 

The  endoskeletal  part  of  this  arch  (Plate  2,  fig,  8  ;  and  Plate  5,  fig.  4)  is  of  great 
interest.  Mecelel’s  cartilage  ( mk .)  is  full-sized,  a  long  and  solid  rod,  passing  inwards 
and  forwards  to  melt  into  its  fellow  in  front.  Behind  the  massive  condyloid  cartilage 
(Plate  5,  fig.  4,  cd.p.)  the  bony  plate  of  the  malleus  is  seen,  under  the  dilating  part  of 
this  primary  jaw.  The  head  of  the  malleus  (ml.)  has  a  very  deeply  scooped  saddle- 
shaped  condyloid  surface  for  articulation  with  the  incus  (i.)  ;  below  this,  the  cartilage 
grows  in  a  right  angle  to  the  main  bar,  and  then  forms  the  manubrium  (m.mb.)  by 
growing  forwards  again,  as  a  slender  terete  rod.  This  is  the  f£  internal  angular 
process”  of  the  Ovipara  ;  but  the  posterior  process  (p.ag.)  is  also  to  be  seen  as  a 
tubercle  above  and  behind  the  elbow  of  this  long  process.  On  the  inside,  one-third 
the  way  up,  we  see  the  tensor  tympani  muscle  ( t.tm .).  The  incus  (?'.)  has  no  ectostosis 
at  present ;  its  articular  surface  is  a  deep,  oblique  saddle  ;  its  short  crus  ( s.c.i .)  is  a 
solid  cone,  and  its  long  crus  ( l.c.i .)  is  large,  long,  somewhat  constricted  proximally, 
and  supplied  with  a  large  inturned  discoid  facet  for  articulation  with  the  head  of  the 
stapes  (sL). 

That  top  piece  of  the  hyoid  arch  (Plate  5,  fig.  4,  st.)  is  a  solid  little  “  stirrup,”  with 
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a  small  round  hole,  a  lame  face  above  for  the  incudal  facet,  and  a  thick  dilated  base  ; 
the  neck,  with  the  stapedius  muscle  (shm.),and  interhyal  (i.hy.)  attached  to  it,  is  short. 

Two  changes  have  appeared  in  the  arch  of  the  hyoid ;  one  is  the  complete  fusion  of 
the  epihyal  with  the  auditory  capsule  (see,  also,  Plate  2,  figs.  4  and  8,  e.hy .) ;  and 
the  other  is  the  degeneration  of  the  lower  sub-segmented  part  of  the  epihyal 
into  a  ligamentous  tract.  The  fused  upper  part  has  thickened ;  over  it  the  chorda 
tympani  (YIP.)  passes  from  the  facial  nerve  (VII.),  behind. 

The  ceratohyal  (c.hy. )  has  a  larger  upper,  and  a  shorter  lower,  segment ;  then 
comes  the  thick  ovoidal  hypohyal  (h.hy.),  articulated  to  the  trifoliate  basihyo- 
branchial  ( b.h.hr .)  ;  the  median  lobe,  here,  is  a  rudiment  of  the  long  basibranchial 
series  of  the  Ichthyopsida  ;  the  lateral  processes  are  the  “  thyrohyals  ”  ( t.hy .). 

The  annulus  tympanicus  (Plate  5,  fig.  4,  a.ty.)  is  forming  out  of  a  ligulate, 
U-shaped  tract  of  softisli  cartilage. 


Endocranium  of  Tatusia  hybrida. — Third  Stage  ( embryo ,  3  inches  long). 

Although  this  embryo  is  one-third  longer  than  the  last,  it  has  altered  but  little 
except  in  the  size  of  the  parts ;  yet  some  new  osseous  centres  have  appeared,  and  the 
others  are  more  perfect.  The  endocranium,  as  seen  from  above  (Plate  5,  fig.  l),  is  a 
remarkable  and  a  very  complex  structure.  The  basal  line  is  occupied  for  the  front 
two-thirds,  by  the  huge  nasal  labyrinth ;  a  large  space,  right  and  left  of  the  remaining 
third,  is  taken  up  by  the  organs  of  hearing ;  the  eye-balls  occupy  a  considerable  space, 
but  they  have  dominated  the  cranial  growths  but  little  ;  the  sockets  are  very  imper¬ 
fectly  marked  out. 

The  nasal  labyrinth,  with  its  right  and  left  galleries  confluent  with  the  great 
median  middle  wall,  is  naturally  divisible  into  three  regions — the  alinasal,  aliseptal, 
and  aliethmoidal  (fig.  1,  al.n.,  al.sp.,  al.e.).  The  first  two  of  these  regions  are  supplied 
with  the  ophthalmic  (orbitonasal)  branch  of  the  5th  nerve  ;  the  hinder  region  with 
the  olfactory  or  1  st  nerve.  So  that,  although  these  parts  run  into  each  other,  there  is 
an  important  difference  between  them ;  of  course  the  alinasal  region  is  merely 
vestibular. 

The  alinasal  region  (al.n.)  is  but  little  seen  from  above  (compare  figs.  1  and  5) ; 
there  it  runs  across  in  front  of  the  symmetrical,  imperfect  cylinders  of  the  aliseptal 
region  (al.sp.)  as  a  narrow  arched  band.  The  last  fourth  of  the  long  convex  roofs  of 
the  labyrinth  belong  to  the  aliethmoidal  region  (al.e.),  and  have  the  inner  part  of  the 
upper  turbinals  (u.th.)  growing  within,  and  from  them.  Where  this  region  begins, 
there  the  whole  capsule  spreads  out,  suddenly,  into  two  widely  divaricating,  ovoidal 
masses,  marked  with  the  backs  of  the  bifurcating  turbinal  outgrowths. 

A  large  valley,  in  shape  like  a  Butterfly,  with  its  head  backwards,  lies  between 
the  large  upper  turbinal  masses ;  the  “  body”  between  the  “  wings”  is  the  top  of  the 
perpendicular  ethmoid  (p.e.),  whose  highest,  crested  part  is  the  cartilaginous  crista 
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galli  ( cr.g .).  The  diverging  rows  of  spots,  right  and  left,  are  the  holes  of  the  unossified 
cribriform  plate  (i cr.p .),  which  extends  some  distance  under  the  lateral  masses.  A 
much  lesser  region,  shaped  like  a  Butterfly,  but  with  the  head  forwards,  is  seen 
behind  the  cribriform  plate ;  its  body  or  septum  is  low  and  thick,  and  the  markings 
on  each  side,  caused  by  the  folds  of  the  middle  turbinal  ( m.tb .),  diverge  backwards 
and  outwards,  like  the  rows  of  the  nerve  passages.  The  septum,  there,  is  the  end  of 
the  perpendicular  ethmoid  (p.e.);  thence  the  presphenoid  ( p.s .)  begins;  it  is  hollow 
along  the  mid-line,  for  the  roots  of  the  huge,  leafy  wings  are  bulbous.  Yet  these 
swollen  parts  belong  to  the  basal  region,  which,  however,  has  no  median  bone  in  these 
types ;  they  are  formed  by  the  trabeculae  cranii.  All  these  winged  parts  may  be  aptly 
compared  to  Insects ;  here,  the  orbitosphenoids,  growing  outwards  and  forwards 
behind  the  nasal  labyrinth,  and  the  alisphenoids,  growing  out  behind  them,  have  a 
similar  general  form. 

Where  the  swollen  trabecular  bars  have  grown  up  into  wings,  there  the  width 
lessens  a  little ;  it  then  increases,  gently,  and  then  suddenly  becomes  a  large,  dilated 
band,  confluent  with  the  aliethmoid  in  front,  and  continuous  with  the  supra-auditory 
and  supraoccipital  cartilage  (o.s.,  s.ct.c.,  s.o.)  behind.  This  tract  has  lessened  very 
little  since  the  first  stage  (Plate  2,  fig.  1).  The  narrowish  stem  of  the  great  lateral 
cranial  band  is  ossified  in  its  upper  half,  and  this  bone — the  orbitosphenoid  (o.s.)  — 
runs  along  the  front  part  of  the  root ;  the  optic  foramen  (II.)  lies  on  the  lower  edge  of 
this  new  bony  centre,  midway  between  the  two  marginse 

The  next  dipterous  growth  has  a  bony  median  body — the  body  of  the  posterior 
sphenoid  ( b.s .).  This  ossification  fits  in  between  the  swellings  of  the  presphenoid, 
and  is  convex  in  front ;  it  is  short  at  present,  and  has  a  concave  hinder  margin 
reaching  to  the  slightly  elevated  postclinoid  wall.  The  proximal  part  of  each  wing 
is  ossified  by  the  basisphenoid ;  and  the  alisphenoid  (al.s.)  is  double  on  each  side, 
for  the  rounded,  outer  free  part  is  separately  ossified  from  the  narrow  inner  portion. 
This  narrow  part  is  concave  at  its  lower  margin,  to  enlarge  the  sphenoidal  fissure, 
through  which  the  1st  and  2nd  branches  of  the  5th  nerve  pass  (V1.,  V3.),  besides  the 
3rd,  4th  and  6th  nerves.  The  inner  bone  is  also  notched  at  its  outer  part  behind, 
and  the  bony  matter  is  beginning  to  convert  the  notch  for  the  3rd  branch  of  the  5th 
nerve  (V3.)  into  the  foramen  ovale. 

The  cartilage  formed  by  the  moieties  of  the  investing  mass  (parachordals)  becomes 
very  narrow  behind  the  postclinoid  wall,  between  the  large  cochlem  (chi.),  and  then 
it  expands  again  as  the  threshold  of  the  great  occipital  passage  ( f.m .).  The  sub- 
pentagonal  basioccipital  (h.o.)  reaches  halfway  to  the  basisphenoid  (b.s.)  leaving  a 
long  synchondrosis.  The  basioccipital  is  notched  in  front,  and  has  a  concave  hind 
margin,  of  less  extent  than  its  oblique  sides.  The  sinuous  margins  of  the  proximal 
part  of  the  exoccipital  region  have  their  larger  concavity  in  the  front,  to  let  out 
the  glossophai'yngeal  and  vagus  nerves  (IX.,  X.)  ;  and  behind  and  outside  these 
passages  the  thick  square  tract  of  cartilage  is  perforated  for  the  hypoglossal  (XII.). 
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Then  comes  a  short  exoccipital  bone  (e.o.)  right  and  left,  and  then  a  considerable  tract 
of  cartilage  between  these  and  the  supraoccipital  bones  ( s.o .)  above.  The  cartilage  in 
which  these  latter  centres  lie  is  continuous  with  the  broad,  sinuous  supra-auditory  and 
orbitosphenoidal  belt  ( s.a.c .,  o.s.).  Seen  from  above,  the  huge  auditory  capsules,  with 
their  apiculated  helical  cochleae  (chi.)  are  seen  to  be  confluent  with  the  proper  chondro- 
cranium  both  in  front  of  and  behind  the  passage  for  the  9th  and  10th  nerves.  A 
notch  separates  each  cochlea  from  the  upper  mass  of  the  capsule,  and  a  well-formed 
archway  is  formed  by  the  proximal  coil  of  the  cochlea  over  and  in  front  of  the  com¬ 
pound  meatus  interims  (VII.,  VIII.). 

The  end  view  of  the  chondroeranium  (fig.  2)  shows  what  a  large  occiput  these  types 
possess.  The  supraoccipital  centres  (s.o.)  are  still  distinct,  and  meet  over  the  foramen 
magnum  ( f.ni .),  which  is  ovoidal  in  form,  with  the  narrow  end  above  ;  they  occupy 
less  than  half  their  own  region,  at  present.  The  exoccipitals  (e.o.)  are  largely  hidden 
in  this  view  by  the  ear-shaped  condyles  (oc.c.);  in  front  of  these,  the  cochlea  (chi.) 
can  be  seen,  below,  and  in  the  distance.  The  paroccipital  elevations  outside  the 
condyles  are  but  little  developed  ;  the  cartilage  is  nearly  convex.  A  lozenge- shaped 
tract  of  the  ear-capsule  is  seen  above  their  convexities,  right  and  left,  and  all  the  three 
canals  (ct.s.c.,  h.s.c.,  p.s.c.)  can  be  seen  shining  through  it,  so  great  is  the  obliquity  of 
the  capsule  in  its  cranial  setting  ;  the  large  inner  (IX.,  X.)  and  the  lesser  outer  (XII.) 
nerves  are  also  seen  (the  dotted  line  is  wrong). 

The  tympanic  region,  from  the  outside,  has  been  separately  worked  out  and  figured 
(fig.  3)  on  a  larger  scale.  The  annulus  ( a.ty .)  is  fast  becoming  bony,  especially  in  the 
end  of  the  upper  crus,  where  it  is  partly  bifid,  above,  to  form  a  rest  for  the  processus 
gracilis  of  the  malleus  (ml.).  That  element  is  still  a  perfect  mandible  in  itself;  the 
stem  (mk.)  is  drawn  as  cut  across,  in  the  figure. 

The  depth  of  the  sinuous  selliform  condyle  for  the  incus  (i.)  explains  why  the 
malleus  shows  a  hole  at  this  part  in  the  section  (Plate  4,  fig.  7).  The  styliform 
ectostosis  is  now  expanding  and  embracing  the  under  face  of  the  head  of  this 
bar;  below  and  inside  this  bony  tract  the  tensor  tympani  muscle  (t.tm.)  can  be 
seen  arising  by  a  narrow  and  short  tendon,  and  then  passing  upwards  and  inwards, 
solid  and  fleshy.  The  posterior  angular  process  behind  the  internal,  or  manubrium, 
is  very  indistinct ;  the  latter  is  nearly  parallel  with  the  main  bar.  The  sinuosities  of 
the  condyle  of  the  well-formed  but  unossified  incus  (i.)  correspond  with  those  of  the 
malleus  ;  the  short  crus  (s.c.i)  is  thick,  and  fits  into  a  neat  cup  in  the  auditory 
capsule,  close  over  the  ampulla  of  the  horizontal  canal  (h.s.c.).  The  thick,  long  crus 
is  almost  parallel  with  the  elbowed  part  of  the  malleus ;  it  has  a  well-formed 
orbicular  facet  on  its  inturned  end.  The  unossified  stapes  (st.)  is  also  large  and  well 
formed ;  here  it  is  figured  looking  outwards,  inside  the  incus  ;  its  ovoidal  base  has  the 
narrow  end  looking  upwards  and  forwards,  according  to  the  shape  of  the  fenestra 
ovalis  (fs.o.).  The  tendon  of  the  stapedius  muscle  (st.m.)  shows  in  its  substance  a 
considerable  nucleus  of  cartilage,  the  interhyal  (i.hy.)  or  infrastap3dial.  The  slice  of 
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cartilage  here  drawn  as  taken  off  the  auditory  capsule  shows  the  horizontal  and  most 
of  the  posterior  canal  ( h.s.c .,  p.s.c .)  exposed  in  the  tube  of  cartilage.  Winding  round 
the  inside  of  the  incus,  where  it  has  been  cut  off  from  its  proximal  part  in  the  cranial 
wall,  we  see  the  facial  nerve  (VII.)  forming  an  elegant  arch  nearly  parallel  with  that 
of  the  horizontal  canal.  In  front  of  its  imbedded  part  in  the  figure  there  is  an  oblong 
tract  of  cartilage,  this  is  the  part  where  the  epihyal  ( e.hy .)  has  coalesced  with  the 
capsule,  and  from  this  it  has  been  cut  away  in  this  slice.  Below  this  the  facial  nerve 
is  seen  to  send  upwards  a  fork,  suddenly  ;  this  is  considerably  smaller  than  the  stem  of 
the  nerve,  and  in  the  uninjured  skull  rides  over  the  epihyal  to  get  inside  the  manu¬ 
brium  mallei;  this  is  the  “chorda  tympani  ”  nerve  (VII'.),  forking  over  the  visceral 
cleft  to  join  the  hindmost  division  of  the  5th  nerve. 


Dissection  of  the  Skull  of  Tatusia  peba. — Fourth  Stage  {embryo,  3  inches  long). 

The  dissected  skull  of  Tatusia  peba  shows  some  differences  from  that  of  T.  hybrida 
that  are  specific,  yet  most  of  the  changes  now  to  be  described  are  due  simply  to 
advanced  growth. 

Here  the  alee  nasi,  nostrils,  and  narial  valves  (Plate  5,  fig.  5,  al.n.,  e.n.,  n.v.)  are  like 
what  I  have  just  described,  but  the  bones  just  behind  these  cartilages  are  larger  than 
we  should  find  them  in  a  species  of  T.  hybrida  of  the  same  age  ;  these  are  the  pre- 
maxillaries  {px.)  and  the  foremost  paired  vomers  {v'.).  Still  they  are  all  distinct  and 
characteristic,  the  premaxillaries  being  small,  oblique,  notched,  lateral  shells  of  bone, 
with  no  palatine  portion,  only  with  their  lower  edge  curled  in.  The  front  paired 
vomers  (V.)  are  twice  as  large  as  in  the  last,  and  are  long  shells  of  bone,  with  their 
oblique  hollow  face  turned  outwards,  towards  “Jacobson’s  organ.” 

Interdigitating  with  these  four  bones  we  see  the  two  maxillaries  (mx.),  large, 
inferiorly  placed  tracts  of  bone,  showing  the  infraorbital  foramina  (V3.)  on  their  under 
surface,  halfway  from  their  swollen  shoulder  to  their  suborbital  notch. 

I  find  several  alveoli,  with  their  teeth,  on  the  hinder  two-thirds  of  their  lower 
margin,  and  then  a  flange  from  the  inner  alveolar  wall  growing  into  the  palatal  region, 
as  wide  as  the  rest  of  the  hard  palate,  but  separated  from  it  by  a  very  distinct  multi- 
perforate  groove.  The  jugal  process  is  wide,  and  is  clamped  by  the  angular  fore  part 
of  the  jugal  ( j .)  which  widens,  inwards,  at  its  middle  part,  and  then  becomes  narrow 
where  the  zygomatic  process  of  the  squamosal  rides  upon  it. 

A  very  long  sutural  line  runs  along  the  palate  from  the  ake  nasi  {al.n.)  to  the 
presphenoid  {p.s.) ;  in  front  this  is  formed  by  the  front  paired  vomers  ;  in  the  middle  by 
the  maxillaries  ;  and  behind  by  the  palatines  {pa.).  Their  mutual  suture  is  two-fifths 
the  length  of  that  formed  by  the  palatine  plates  of  the  maxillaries  ;  the  palato- max  illary 
suture  is  arched  forwards.  The  palatines  do  not  narrow  in  so  much  behind,  as  in 
the  last  (Plate  2,  fig.  6),  and  they  also  are  grooved  to,  and  beyond,  their  foramen. 
The  thick  half-coiled  pterygoids  {pg.)  also  do  not  run  so  far  under  the  skull,  and  they 
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form  a  more  gaping  space  for  the  “posterior  nares;”  they  are  notched  behind,  and 
have  the  “  hamular  process  ”  suppressed. 

The  squamosal  ( sq .)  with  its  crescentic  glenoid  facet  (gif)  is  seen  to  run  from  its 
overlapping  jugal  part  on  the  jugal  to  the  hinder  face  of  the  opisthotic  region  (op.). 
The  postjugal  elevation  is  followed  by  a  pneumatic  foramen  ( pn.f )  which  opens  into  a 
definite  air  cavity.  The  semiosseous  annulus  tympanicus  (a.ty. ;  see  also  fig.  7)  is  left- 
on  one  side  ;  on  the  other  the  capsule  is  exposed. 

Along  the  middle,  behind  the  posterior  nares,  the  presphenoidal  region  (p.s.)  is  a 
thick  roundish  beam,  quite  free  from  bony  deposit.  But,  laterally,  in  the  fundus  of 
the  orbit,  the  roots  of  the  orbitosphenoids  (o.s.)  are  ossified,  and  the  optic  nerves  (II.) 
are  seen  emerging.  Behind  the  pterygoid,  and  opposite  the  last  coil  of  the  cochleae 
(chi.)  the  basisphenoid  (b.s.)  is  seen  to  be  a  short  broad  tract;  the  cartilage  between 
it  and  the  basioccipital  (b.o.)  is  half  the  extent  of  the  basisphenoidal  bone.  Outside 
the  pterygoids,  the  alisphenoid  (al.s.)  can  be  seen  ;  in  front  of  these  is  the  sphenoidal 
fissure  (V1, 2.),  and  at  their  junction,  near  the  hind  margin  of  the  wing,  is  the  foramen 
ovale  for  the  3rd  branch  of  the  trigeminal  nerve  (V3.). 

On  one  side  the  malleus  (ml.)  is  seen  stretching  the  membrana  tympani  (m.ty.), 
radiating  to  the  annulus,  and  on  the  other  the  cochlea  (chi.)  and  tegmen  t}7mpani 
(tty.)  are  seen  ;  also  the  two  fenestrse  ( fs.o .  and  the  large  hole  behind  it).  On  both 
sides  the  epihyal  and  the  facial  nerve  (e.hy .,  III.  read  VII.)  are  shown,  and  also  the 
passage  for  the  9th  and  10th  nerves  (IX.,  X.). 

The  occipital  arch  has  a  good  bony  threshold,  now,  the  six-sided  basioccipital  (b.o.), 
which  has  one  side  in  the  foramen  magnum  (fin.).  The  large  trilobate  condyles  (oc.c.) 
have  the  exoccipital  bony  centres  ( e.o .)  creeping  round  them  ;  they  are  still  a  long  way 
from  the  basal  bone,  and  the  cartilage  near  them  is  perforated  by  the  12th  nerve  (XII.), 
and  over  this  passage  there  is  now  one  large  supraoccipital  centre  (s.o.). 

The  end  view  (fig.  7)  shows  how  large  this  bone  is,  now  that  the  two  centres  are 
fused  together  (see  in  the  younger  specimen — T.  hybridci,  fig.  2).  The  occipital 
cincture,  in  its  upper  part,  is  a  large  shield  of  bone  and  cartilage  overlapping  the 
opisthotic  part  of  the  auditory  capsules  (op.),  with  their  included  posterior  canals 
( p.s.c .)  seen  endwise  ;  the  skull  is  roofed-in  by  the  parietals  (p.),  and  flanked  by  the 
squamosals  (sq.). 

The  sectional  vieiv  of  this  older  specimen  (Plate  5,  fig.  6)  shows  wThat  changes  have 
taken  place  since  the  first  stage  (Plate  2,  fig.  1) ;  during  this  time  the  young  have  not 
doubled  their  size. 

The  arched  line  formed  by  the  lower  edge  of  the  basis  cranii  is  but  little  elevated ; 
the  main  part  of  the  internasal  septum  has  almost  a  straight  base.  The  prepituitary 
part  is  three  and  a  half  times  as  long  as  the  postpituitary ;  the  thickening  of  the 
great  middle  wall  (p.e.,  i.tr.),  just  in  front  of  the  presphenoid,  has  been  caused  by  the 
flattened  and  pressed  cornua  trabeculae  ;  the  rest  of  the  thickening,  below,  is  due  to 
the  intertrabecula,  which  is  there  seen  to  be  a  long  prochordal  tract. 
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The  snout  is  turned  downwards,  so  that  its  lower  angle  projects  but  little  beyond 
its  upper;  from  that  angle  the  scooped  recurrent  cartilages  ( l.s.c .,  read  rc.c.)  are  seen 
to  arise.  The  highest  part  of  the  partition — the  crista  galli  ( cr.g .) — is  nearly  inid-way 
between  the  bottom  of  the  sella  turcica  ( b.s .)  and  the  projecting  end  of  the  snout. 
From  the  septum,  in  front  of  that  crest,  the  nasal  roof  has  been  cut  away  ;  behind, 
for  some  distance,  the  cribriform  plate  ( cr.p .)  grew  from  the  sloping  crest  near  its 
top.  The  lowering  median  cartilage  becomes  prespheDoidal  ;  it  is  quite  unossified  at 
present ;  the  basisphenoid  (b.s.)  and  the  basioccipital  ( b.o .)  are  seen,  in  section,  with 
the  lowish,  thick  postclinoid  wall  between  them  ;  the  former  is  twice  as  thick  and 
half  as  long  as  the  latter.  The  large  side-wall  of  cartilage  reaching  from  the  nasal 
capsule  to  the  supraoccipital  roof  (o.s.,  s.a.c.)  has  lessened  since  the  first  stage  (Plate  2, 
fig.  1)  to  one-lialf  its  relative  size.  Yet  the  band,  even  over  the  protruding  alisphenoid, 
is  still  of  considerable  thickness.  The  fore  corner  of  the  orbitosphenoid  is  becom¬ 
ing  free,  outside  the  cribriform  plate ;  its  main  part  is  only  ossified  in  the  narrow 
stem  below  ;  the  upper  outline  is  sinuous.  The  fontanelle  between  the  frontals  and 
parietals  (/.,  p.)  is  nearly  filled  in  by  these  bones,  and  the  retreating  cartilage 
exposes  the  squamosal  ( sq .)  somewhat,  at  the  base  of  the  coronal  suture.  The  ali¬ 
sphenoid  (above  b.s.)  is  now  a  single  bone,  and  the  foramen  ovale  (V3.)  is  finished  by 
bony  growths  behind. 

The  supratemporal  cartilage  (s.a.c.)  is  still  two-thirds  the  width  of  the  tilted 
auditory  capsule,  which  is  continuous  with  the  band  for  some  distance,  hiding  the  fore 
part  of  the  great  sinus  canal  ( s.c .).  Below,  and  in  front  of  that  canal,  the  elevation  for 
the  anterior  and  posterior  semicircular  canals  (a. s.c.,  p.s.c.)  is  not  great,  and  the 
hollow  for  the  “flocculus”  is  shallow.  There  is  a  difference  of  size  in  the  whole 
capsule,  and  especially  in  the  cochlea,  as  compared  with  what  we  have  just  seen  in  an 
embryo  of  T.  hybrida  of  the  same  size  (fig.  1),  that  is  very  remarkable.  This  species 
also  either  has  a  smaller  embryo,  or  its  bones  develop  much  earlier  than  in  the  other. 

The  whole  capsule  has  a  well  defined,  definite  outline,  often  widened  into  a  chink, 
marking  it  out  from  the  rest  of  the  endocranium.  There  is  a  large  porch  over  the 
actual  openings  of  the  meatus  internus  (VII.,  VIII.);  and  in  front  of  these  the  cochlea 
swells  up  into  the  cavity  of  the  skull.  The  occipital  cincture  is  narrower  than 
the  oblique  capsule,  and  has  a  very  large  keystone  piece,  the  supraoccipital  ( s.o .). 
The  exoccipital  ( e.o .)  is  nearly  twice  the  depth  of  each  interspace  of  cartilage ;  it  is 
notched  for  the  hypoglossal  (XII.),  and  has  a  concave  face  against  the  emerging  vagus 
and  glossopharyngeal  (X.,  IX.). 

Besides  the  large  frontal  and  parietal  (f,  p.),  and  the  angle  of  the  squamosal 
(sq.),  the  nasal  (n.),  the  palatine  plate  of  the  maxillary  and  palatine,  and  the  small 
pterygoid  (mx.,  pa.,  pg.)  are  all  seen  edgewise.  In  this  section,  detached  from  the 
skull,  the  lower  jaw  and  its  related  parts  are  shown  from  the  inside  ;  it  has  the 
same  elegant  shape  as  the  other  species  ;  its  processes  are  still  cartilaginous  at  their 
extremities.  Meckel’s  cartilage  (ink.),  fused  with  its  fellow,  is  still  complete  along 
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the  inner  face  of  the  ramus  (cl.) ;  but  the  malleus  (ml.)  and  incus  (i.)  are  now  three- 
fourths  of  them  bony ;  their  shape  is  very  similar  to  that  of  the  other  kind  (fig.  3),  hut 
the  head  of  the  malleus  (fig.  8,  ml.)  is  heavier,  and  its  handle  smaller.  A  similar 
difference  may  be  seen  in  the  incus  (i.).  The  stapes  also  (st.)  differs  in  having  a  larger 
hole,  a  longer  neck,  and  a  larger  nucleus  of  cartilage — the  interhyal  (or  infrastapedial ; 
i.hy.)  in  the  tendon  of  the  stapedius  muscle.  These  differences  are  partly  due  to 
age  and  are  partly  specific .* 

Dissection  of  the  shill  of  Tatusia  hybrida. — Fifth  Stage  (ripe  embryo,  4  inches  long). 

My  most  mature  skulls  of  this  type  were  those  of  ripe  young  ;  they  are  all  that 
is  needful,  now,  for  the  interpretation  of  the  highly  anchylosed  skull  of  the  adult. 

The  outer  parts  of  the  skull,  as  seen  in  a  dissection  of  this  specimen  (Plate  6, 
figs.  1-4),  give  a  good  idea  of  the  peculiarities  of  the  Dasypodian  type.  The  lower 
view  (fig.  1)  still  shows  the  nostrils  and  alse  nasi  (e.n.,  aim.)  on  the  under  surface,  but 
the  bones  have  encroached  on  the  cartilage,  here.  The  premaxillaries  ( px .)  are  larger 
and  they  have,  now,  a  definite  palatine  tract ;  they  fit,  now,  well  into  the  notches  of 
the  maxillaries  (mx.). 

The  palatine  part  is  not  alike  on  the  two  sides,  being  more  notched,  and  hooked  on 
the  left  than  on  the  right. 

These  parts  do  not  meet  in  the  middle,  but  space  enough  is  left  to  expose  the  over- 
lying  front  paired  vomers  (v'.)  The  palatine  portion  of  the  maxillaries  (mx.)  only 
forms  a  narrow  tract,  gently  widening  backwards. 

The  alveolar  region  has  teeth  on  all  but  the  front  fourth.  In  front  of  this  tract 
the  bone  is  notched  for  the  premaxillary,  and,  behind,  it  bends  round  the  palatine  (pa.). 
The  flange  from  the  alveolar  region  is  on  a  higher  plane  than  the  submesial  part  of 
the  hard  palate  ;  these  two  tracts  are  separated  by  a  perforated  sulcus,  and  the  inner 
and  higher  bony  tract  is  marked  by  the  transverse  ridges  of  the  palatal  skin.  Outside 
these  parts  the  maxillaries  spread  into  large  shells  of  bone,  the  under  and  inner  part 
of  which  forms  a  tunnel  for  the  infraorbital  nerve  (V3.).  Behind  the  short  floor  of  this 
tunnel  the  whole  bone  has  a  notched  outline,  the  rounded  concavity  of  which  makes 
the  fore  and  inner  border  of  the  imperfect  orbit.  The  jugal  process  is  broad  and 
notched  for  the  jugal  or  malar  bone  (j.).  Inside  these  parts  the  penthouse  formed  by 
the  orbital  plates  of  the  frontals  (f.)  can  be  seen.  The  rest  of  the  hard  palate  is  about 
half  as  long  as  that  formed  by  the  maxillaries  ;  it  is  mainly  made  by  the  palatines  (pa.). 

#  The  remarkable  differences  just  shown  between  these  two  closely  allied  specimens  of  the  sub-genus 
Tatusia  (or  9-banded  Armadillos)  suggest  the  great  importance  of  careful  zoological  (Taxonomic)  work. 
Forms  that  to  the  eye  of  an  observer  not  well  trained  in  zoological  work  might  easily  be  mistaken  for 
unimportant  varieties,  may,  to  the  eye  of  an  expert,  show  very  important  modifications.  Moreover, 
any  really  important  external  specific  character  is  almost  sure  to  be  correlated  with  some  curious  and 
instructive  modification  of  deep-lying  structures. 
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Thev,  together,  look  like  the  opened  shells  of  a  Bivalve,  their  fore  margin  is  rounded 
and  the  hind  part  somewhat  cut  away  ;  their  sides  are  pinched  in. 

Behind  them  come  the  pterygoids  ( pg .);  these  bones  have  grown  considerably  on 
to  the  palate  since  the  early  stage  (see  Plate  2,  fig.  6).* 

This  addition  to  the  hard  palate  is  rare  in  Mammals,  even  ;  and  in  this  small 
degree  is  instructive,  linking  on  these  types  to  the  Anteaters,  where  it  takes  place 
to  the  greatest  degree.  Their  thickness  also  is  worthy  of  note,  for  in  another 
Neotropical  Family  of  Edentata — the  Sloths — the  pterygoids  are  often  curiously 
enlarged. 

Behind  the  short,  thick,  jugal  (/.)  the  squamosals  (sq.)  are  seen  to  be  of  great 
length,  reaching  as  far  to  the  back  as  the  occipital  condyles. 

They  strongly  clamp  the  auditory  capsules  over  the  tegmen,  and  opposite  the 
manubrium  mallei  ( m.ml .)  they  show  the  pneumatic  foramen,  leading  into  their  air- 
cell.  A  pair  of  superficial  bones  are  seen  at  their  inner  border  ;  these  are  the  “  annuli,” 
finished  crescents  of  bone,  now  :  they  are  more  than  semicircular,  hollow  within,  and 
convex  on  their  outside.  Yet  at  present  they  do  not  ossify  any  part  of  the  tube  of  the 
meatus  externus,  but  when  that  segmented  cartilaginous  tube  is  removed,  the  mem- 
brana  tympani  ( m.ty .)  is  well  exposed  in  this  surface  view.  The  endocranium  is 
largely  exposed  behind  the  hard  palate,  and  the  bony  centres  of  the  posterior  sphenoid 
and  occipital  arch  are  seen,  as  well  as  some  parts  of  the  auditory  capsule.  A  very 
small  part  of  the  orbitosphenoid  ( o.s .)  is  seen,  where  the  optic  nerve  (II.)  emerges. 
Behind  these  parts  the  alisphenoid  is  seen  as  one  centre,  right  and  left,  confluent  with 
the  basal  piece  ( al.s .,  b.o.,  read  b.s.).  The  sphenoidal  fissure  and  foramen  ovale 
(V1.,  a.,  V3.)  are  not  well  seen.  There  is  a  considerable  synchondrosis  between  the 
basisphenoid  and  the  six-sided  basioccipital  (b.o.),  and  also  between  that  bone  and  the 
exoccipitals  ( e.o .)  below,  and  between  them  and  the  large  shield-shaped  supraoccipital 
( s.o .),  above.  The  emerging  post-auditory  nerves  (IX.,  X.,  XII.)  have  their  passages 
exposed,  and  the  facial  (VII.)  is  seen  escaping  from  the  stylo-mastoid  foramen,  behind 
the  epihyal  ( e.hy .).  The  tympanic  annulus  fails  to  cover  the  inner  side  of  the 
cochlea  (chi.),  which  is  partly  ossified. 

The  peculiar  form  of  the  Armadillo’s  skull  is  shown  in  the  upper  view  (fig.  2).  Three 
pairs  of  investing  bones,  the  nasals,  frontals,  and  parietals  (n.,f,  p.)  cover  nearly  the 
whole  of  the  top  of  the  skull ;  the  maxillaries,  lacrymals,  jugals,  and  squamosals 
(nx.,  sq.)  are  just  seen  at  the  sides;  at  the  end,  the  convex  top  of  the  supra¬ 
occipital  is  seen,  and  in  front,  a  small  tract  of  the  alse  nasi  ( al.n .).  The  nasals  form, 

*  I  am  now  satisfied  that  my  oldest  (ripe)  young  of  this  kind  of  Armadillo  belonged,  like  the  smaller 
specimens,  to  the  species  hybricla.  For  my  second  stage  (Plate  2,  fig.  6)  shows  the  pterygoids  with  a 
larger  palatine  tract  than  is  seen  in  T.  peba,  one  third  longer  (Plate  5,  fig.  5).  That  skull  is  also  longer 
and  slenderer,  whilst  that  of  the  older  is  like  the  skull  of  my  second  stage  (Plate  2,  fig.  6);  both  these 
are  very  broad  in  relation  to  their  length.  I  feel  sure  that  this  ripe  young  is  really  T.  hybrida ,  although 
given  to  me  as  T.  peba. 
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in  the  outline  of  the  top  of  the  skull,  a  small  neck  to  a  large  flask  ;  they  are  half 
the  length  and  one-fourth  the  greatest  width  of  the  frontals.  These  latter  bones 
swell  over  the  huge  turbinals,  and  are  elegantly  concave  at  the  middle  of  the  orbit. 
The  parietals  are  about  the  size,  now,  of  the  hinder,  dilated  two-thirds  of  the  frontals. 

The  side  view  (Plate  6,  fig.  3)  displays  many  parts,  and  corrects  the  visual 
appearance  of  the  other  aspects. 

There  is  considerable  deflexion  of  the  snout,  the  nasals  reach  nearly  to  the  end, 
above,  and  the  nostrils  look  downwards. 

The  premaxillaries  now  form  a  squarish  tract,  followed  by  the  maxillaries  which 
overlap  them  ;  these  latter  bones  are  half  as  long  as  the  skull,  they  rise  high, 
midway  between  the  orbit  and  the  end  of  the  snout,  have  their  infraorbital  foramen 
(V2.)  very  low,  and  their  jugal  process  notched  to  let  in  the  jugal.  The  large 
lacrymal  (/.)  has  a  roughly  triangular  outline,  externally,  the  orbital  margin,  where  it 
has  its  hole  (l.c.),  and  its  antorbital  flange,  is  concave.  It  covers  in  the  upper  turbinal 
region,  which  was  exposed  in  the  second  stage  (Plate  2,  fig.  8) ;  its  upper  suture,  with 
the  frontal,  and  its  lower,  with  the  maxillary,  are  nearly  equal  ;  both  of  those  margins 
of  the  lacrymal  are  gently  convex.  The  frontal  (f)  swells  over  the  lacrymal ;  it  is 
then  somewhat  notched  where  it  runs  inwards  as  the  orbital  plate,  which  hides  nearly 
all  the  orhitosphenoid  ;  the  whole  bone  is  rounded  where  the  roof  passes  into  the 
orbital  wall. 

The  large  rounded  parietal  (p.)  helps  but  little  towards  forming  the  temporal  fossa ; 
it  has  a  slight  concavity,  besides,  near  its  hind  border,  where  it  just  overlaps  the  supra  - 
occipital  ( s.o .).  From  that  part,  behind,  but  not  quite  so  far  back,  the  squamosal  (sq.) 
reaches  to  the  orbitosphenoid  in  front.  Its  three  regions,  the  post-temporal,  post- 
orbital,  and  jugal  are  all  nearly  of  equal  length  ;  the  last  of  these  is  stout,  and  the 
pre-  and  postglenoid  processes  are  well  marked,  the  latter  being  the  larger  of  the  two. 

In  the  postorbital  region  it  forms  a  large  triradiate  suture  with  the  frontal  and 
parietal ;  these  bones  so  united  do  nothing  towards  enclosing  the  orbital  space,  which 
is  only  marked  out  well  in  its  antero-inferior  half.  Part  .of  the  palatine,  pterygoid, 
and  alisphenoid  can  be  seen  in  this  view,  and  also  the  annulus  ( a.ty .),  the  manubrium 
mallei  ( m.ml .,  line  directed  wrong),  the  epihyal  ( e.hy .),  the  facial  nerve  (VII.),  the 
opisthotic  region  and  the  parts  of  the  occipital  arch  (s.o.,  e.o .,  oc.c.). 

The  lower  jaw  (figs.  3  and  3a)  has  retained  its  elegant  shape ;  it  has  still  some 
cartilage  on  its  projections,  especially  for  the  condyle  ( cd.jq .).  The  splenial  and  coro- 
noid  regions  hang  well  over  Meckel’s  cartilage  ( mk .),  which  is  still  perfect.  The 
malleus  (figs.  3a  and  6,  ml.)  and  incus  (i.)  are  almost  ossified,  and  the  stapes  (st.)  now 
a  slenderer  and  more  elegant  “  stirrup,”  has  the  lower  part  of  its  crura,  and  the  centre 
of  its  base,  bony.  The  little  module  of  cartilage  in  the  stapedius  ( st.m .)  is  now  a  mere 
projection  on  the  neck  of  the  stapes.  The  upper  ceratohyal  (fig.  5,  c.hy.)  has  a  small 
ring  of  bone  near  its  base ;  the  rest  of  the  hyoid  arch  is  still  cartilaginous,  and  is 
little  altered  since  the  last  stage. 
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The  end  view  of  the  skull  (fig.  4)  shows  a  very  large  orbicular  supraoccipital  ( s.o .), 
divided  vertically  by  two  shallow  sulci  into  three  convexities.  The  lateral  elevations 
have  a  large  selvedge  of  cartilage,  half  their  breadth,  which  has  to  be  ossified  by  this 
large  post-cranial  shield  of  bone. 

The  paroccipital  ridges  are  very  obscurely  marked  off  from  the  mastoid  region  (op.); 
but  the  exoccipitals  ( e.o .)  are  getting  near  to  the  upper  centre  (s.o.),  over  the  large 
convex  condyles  (oc.c.) ;  these  latter  are  wide  apart,  and  show  the  basioccipital  (6.0.) 
between  them.  The  parietals,  squamosals,  and  tympanies  (p.,  sq.,  a.ty.)  can  be  seen, 
end-wise,  in  this  view,  as  also  the  epihyal  and  facial  nerve  (e.hy.,  VII.). 

The  auditory  capsules  were  removed  and  figured  separately  on  a  larger  scale  (Plate 
6,  figs.  7,  8). 

The  inner  view  (fig.  7)  shows  a  very  large  squarish  part  above  the  bulbous  cochlea 
(chi.),  and  having  in  it  the  canals,  only  the  anterior  and  posterior  marking  this  aspect, 
where  they  meet  in  one  common  sinus. 

The  antero-superior  part  runs  forwards  as  a  curved  process,  which  is,  indeed,  the 
anterior  part  of  the  tegrnen  tympani  (see  also  fig.  11).  The  meatus  internus, 
with  its  various  foramina  (VII.,  VIII.),  is  very  large;  another  small  hole  is  seen 
under  the  arch  of  the  anterior  canal  ( a.s.c .),  which  has  no  recess  for  the  “flocculus,” 
but  only  a  gentle  scooping  at  this  part.  Another  larger  passage  is  seen,  postero- 
inferiorly,  inside  the  stylomastoid  foramen  (see  fig.  8). 

In  the  outer  view  (fig.  8)  the  large  square  top  of  the  capsule  has  a  sinuous  outline 
postero-superiorly  and  antero-superiorly  ;  but  the  mastoid  margin,  which  contains  most 
of  the  posterior  canal  ( p.s.c .),  is  straight.  It  is  deeply  notched  below  for  the  facial 
nerve  (VII.),  the  notch  is  the  stylomastoid  foramen,  whose  lower  border  is  the 
epihyal  spur  (e.hy.),  now  separated  from  the  ceratohyal. 

Within  and  in  front  of  these  parts  we  see  the  fenestra  rotunda  (fr.),  and  at  a 
distance  equal  to  its  width,  the  fenestra  ovalis  (fs.o.).  Over  these  openings  the 
tegrnen  tympani  forms  an  arch,  continued  forwards  in  the  free  spur  ;  over  the  tegrnen 
the  horizontal  canal  (h.s.c.)- is  seen  shining  through  the  cartilage.  The  ossification  of 
the  capsule  is  very  low  and  generalised  as  in  certain  anurous  Amphibia,  e.g.,  Pseudis 
(see  Phil.  Trans.,  1881,  Plates  2,  10,  11,  12).  The  bony  matter,  which  is  formed 
endosteally,  is  showing  itself  everywhere  on  the  convexity  of  the  cochlea,  on  the  spur 
of  the  tegrnen,  along  the  sinus  of  the  anterior  and  posterior  canals  (fig.  7),  and  on 
part  of  their  arches  and  their  interspace. 

Endocranium  of  Tatusia  peba. — Sixth  Stage  (young  specimen,  apparently  new-born, 

4^  inches  long). 

These  drawings  (Plate  6,  figs.  9-11)  were  made  from  dissections  of  a  large  ripe 
embryo  or  new-born  young  of  Tatusia  peba;  this,  and  that  figured  in  Plate  5, 
figs.  5-8,  were  the  only  long-headed  specimens  in  my  collection;  I  am  satisfied  that  all 
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the  rest  belonged  to  T.  hybrida,  for  their  skulls  were  all  much  wider  and  more  bulbous 
in  form,  they  had  much  larger  cochleae,  and  were  far  less  ossified  in  proportion  to 
their  size. 

In  a  figure  of  the  lower  view  of  the  endocranium,  with  the  auditory  capsules 
removed,  and  the  vomers  kept  in  situ,  we  get  things  that  are  very  instructive  (fig.  9). 

The  alse  nasi  ( al.n .)  are  seen  folding  over  the  external  nostrils  ( e.n .),  which  are 
inferior  in  aspect.  The  base  of  the  septum,  in  this  fore  part,  is  alate  and  lobed  where 
it  gives  off  the  recurrent  cartilages  (rc.c.) ;  over  them  the  aliseptal  walls  (al.sjo.)  are 
seen.  Below,  and  overlapping  the  recurrent  cartilages,  we  see  the  inferior  turbinals 
(i.tb.),  now,  endosteally  ossified.  The  rest  of  the  nasal  labyrinth  ( al.e .,  ll.tb.,  n.tb.,  read 
u.tb.,  m.tb .)  shows  no  bony  deposit,  externally,  although  the  turbinals  are  beginning  to 
harden  within  ;  these  enfoldings  are  seen  on  the  outer  wall.  The  vomerine  series  ot 
bones  is  half  as  long  as  the  entire  skull,  the  principal  vomer  (v.)  being  very  large — a 
trough  in  which  the  solid  intertrabecular  beam  rests.  In  front,  that  bone  half  overlies 
the  anterior  paired  vomers  ( v' .),  which  are  only  one-fourth  of  its  length  and  of  its 
width,  and  are  like  miniature  Razor  shells  ( Solen ),  wide  open  ;  their  concavity  is  above. 
Widening  backwrards,  the  main  vomer  send  off  a  short  snag,  right  and  left,  at  its 
hinder  third  ;  its  hinder  fourth  is  in  two  sharp  forks,  that  expose  the  perpendicular 
ethmoid,  and  the  presphenoid  (p.e.,p.s.)  in  their  angle.  From  the  side  spur  to  nearly 
the  end  of  the  fork,  there  is,  on  each  side,  a  lanceolate  scale  of  bone,  one-fourth  larger 
than  the  anterior  vomers  (v  .),  these  are  the  posterior  paired  vomers  (v" ,  the  line,  by 
mistake,  is  carried  to  the  left  inferior  turbinal),  bones  that  help,  afterwards,  to  bind 
the  middle  vomer  to  the  ossifying  ethmoidal  masses. 

Just  overlying  the  forks  of  the  vomer  we  see  the  forepart  of  the  base  of  each 
orbitosplienoid  ( o.s .)  ;  the  base  of  each  of  these  bones  is  nearly  equal  to  the  extent  of 
the  basisphenoid  ( b.s .)  behind ;  but  there  is  no  presphenoid  between  them,  only  the 
hind  part  of  the  great  median  cartilaginous  beam. 

These  wings  are  now  lesser  than  those  behind  them,  the  alisphenoids  (al.s.)  ;  they 
are  only  two-thirds  their  breadth,  and  reach  out,  laterally,  not  quite  so  far.  They  are 
free,  and  emarginate  above,  the  whole  of  that  large  cartilaginous  band  seen  in  young 
embryos  having  disappeared.  The  orbitosphenoids  run  forwards,  as  well  as  outwards, 
binding,  obliquely,  upon  the  great  turbinal  masses  (m.tb.)-  Besides  the  upper  notch, 
their  whole  hind  margin  is  sinuous  ;  and  their  base  is  thick,  and  perforated.  The 
anterior  margin,  below,  is  carinate  up  to  the  outer  fourth  ;  behind  this  ridge,  midway 
outwards,  we  see  the  optic  foramen  (II.). 

The  thick  alisphenoids  (al.s.)  have  their  wide  roof  perforated,  and  the  fore  part  of  it 
binds  upon  the  thick  base  of  the  corresponding  orbitosphenoid.  The  basal  part  of 
each  wing  is  confluent  with,  but  does  not  reach  back  so  far  as,  the  basisphenoid  (b.s.). 
The  anterior  margin  is  concave,  and  the  outer  convex ;  the  posterior  margin 
projects  backwards  as  an  upper  and  a  lower  tooth — the  latter  being  a  process 
from  the  thick  ribbed  part  behind  the  larger  foramen  ovale  (V3.),  which  is,  now,  in 
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the  middle  of  this  plate.  The  thick  basisphenoid  ( b.s .)  is  almost  as  long  as  wide  ;  it  is 
emarginate,  a  little,  both  before  and  behind. 

The  synchondrosis  has  only  half  the  extent  shown  in  the  last  stage  (fig.  1),  and  the 
basioocipital  ( h.o .)  is  now  a  large  six-sided  bone,  having  lessened  cartilaginous  inter¬ 
spaces  between  it  and  the  exoccipitals  [e.o.).  These  large  centres  of  ossification  are 
concave  on  the  inner,  and  lobate  on  their  outer,  side;  they  are  notched,  below,  by  the 
hypoglossal  nerve  (XII.),  and  above  are  separated  by  a  definite  cartilaginous  tract 
from  the  large  shield-shaped  supraoccipital  ( v.s .,  read  s.o.).  The  broadly  reniform 
condyles  ( oc.c .)  are  now  mere  caps  of  cartilage  on  the  exoccipitals. 

In  the  detached  hyoid  arch  (fig.  10)  the  upper  and  lower  ceratohyals  and  the 
thyrohyals  ( c.hy .,  t.hy.)  are  rapidly  becoming  ossified. 

The  auditory  region  (fig.  11),  removed  from  the  rest  of  the  skull,  and  seen  from  the 
outside,  shows  a  great  increase  of  the  bony  deposit,  which  now  runs  round  the  large, 
squarish  mass,  and  is  especially  developed  over  the  tegmen  tympani.  The  ossicula 
are  now  ossified;  the  processus  gracilis  of  the  malleus  ( pr.g .)  is  a  large  spatula, 
with  no  Meckel’s  cartilage  left,  and  lies  in  a  groove  in  the  upper  crus  of  the  well- 
developed  shell-like  annulus  tympanicus  ( a.ty .).  The  stout  incus  (i.)  is  shown  in  situ, 
with  the  head  of  the  stapes  seen  inside  ;.that  bone  is  also  shown,  detached,  and  it  is 
now  high,  and  narrow,  and  has  a  tubercle  on  its  neck  in  the  tendon  of  the  stapedius. 
The  epihyal  ( e.liy .)  still  showrs  a  point  of  cartilage  in  front  of  the  facial  nerve  (VII.)  ; 
it  is  fibrous  below. 

Dissection  of  the  Skull  of  a  ripe  embryo  of  Dasypus  villosus  (4§-  inches  long). — 

Fifth  Stage  (continued). 

This  was  the  largest,  but  not  the  oldest,  of  my  specimens  of  young  and  embryo 
Armadillos  ;  its  centres  of  ossification  were  not,  however,  so  much  developed  as  in  the 
specimen  of  Tatusia  peba,  which  forms  my  fourth  stage  (Plate  5,  figs.  5-8).* 

This  is  a  much  more  massive  kind  of  skull  than  that  of  a  Tatusia,  and  the  upper 
parts  do  not  so  completely  overlie  the  lower;  it  is  more  generally  outspread;  evidently 
the  genus  Tatusia  comes  nearer  to  Myrmecophaga  than  does  the  genus  Dasypus. 

The  lower  view  (Plate  7,  fig.  1)  shows  a  very  wide  and  very  short  snout,  with  the 
nostrils  (e.n.)  almost  obliquely  below.  The  base  of  the  septum  at  this  part  is  alate, 
and  the  valves  of  the  openings  ( n.v .)  very  large,  and  coiled  upon  themselves.  The 
whole  space  occupied  by  these  cartilaginous  growths  is  transversely  oval,  and  is  neatly 
rimmed  with  bone.  The  nasals  are  only  just  hidden  in  this  view  by  the  cartilage 
(see  fig.  2,  n.,  al.n .);  two-thirds  of  the  rim  is  formed  by  the  pre  max  diaries  ( px .), 
which  are  twice  as  large  as  in  Tatusia.  Much  of  the  facial  plate  of  these  bones  can 

*  These  three  kinds  are  all  I  have  been  able  to  obtain  in  their  early  stages ;  yet  they  show  a  most 
extraordinary  amount  of  variation,  and  suggest  to  me,  that  it  would  be  well  worth  while  to  work  out 
the  various  stages  of  every  species  in  the  Family. 
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be  seen  in  this  view,  for  they  converge  in  a  very  curious  manner  to  form  the  fore  end 
of  the  hard  palate. 

This  fore  part  of  the  hard  palate  is  semi-oval,  and  forms  the  beginning  of  the  very 
elegant  palatal  roof  which,  altogether,  would  be  a  long  ellipse  if  the  pterygoids  had 
closed  in  instead  of  keeping  at  the  sides.  The  toothless  dentary  margin  is  curiously 
drawn  inwards  ;  and  the  higher  palatal  tract  of  each  bone  is  concave,  and  has  a  large 
semicircular  notch  where  it  should  meet  its  fellow ;  thus  the  even  suture  is  cut 
into  two  short  tracts.  The  suture  between  these  bones  and  the  maxillaries  is  sinuous, 
the  latter  pushing  forwards  externally  and  in  the  middle. 

In  the  subcircular  space  between  the  premaxillaries  the  front  paired  vomers  ( v '.) 
are  seen  :  they  are  convexo-concave  styles  as  in  Tatusia. 

The  broad  hard  palate  (mx.)  with  its  convex  sides  and  teeth  running  up  to  the  pre¬ 
maxillaries,  and  back  beyond  the  palatine  suture,  is  much  more  normal  than  what  we 
see  in  Tatusia,  and  the  alveolar  region  is  thicker.  The  teeth,  six  on  each  side,  are  still 
in  one  groove,  and  they  give  it  a  moniliform  appearance.  Inside  this  arcuate  cavity  the 
bone  is  thick  and  cross-grooved  by  the  palatal  skin ;  a  row  of  holes,  instead  of  a 
chink  or  fissure,  separates  the  sides  from  the  inner  higher  part  of  the  hard  palate. 
The  great  pinching-in  of  the  fore  part  of  the  bone  seen  in  the  nine-banded  kinds  is 
not  seen  here,  yet  the  infraorbital  foramen  (V2.)  is  inferior,  not  lateral ;  its  floor  is 
much  larger. 

The  jugal  process  instead  of  going  beyond  the  alveolar  region  does  not  reach  so  far, 
and  is  smaller.  The  palatal  region  of  the  palatine  bone  (pa.),  instead  of  being  very 
unlike  that  of  the  maxillaries,  is  very  much  like  that  tract.  The  two  bones  have  a 
V\/-shaped  hind  margin,  in  front  of  which  the  bones  are  thick  and  rough  as  at  the 
sides,  just  contrary  to  what  the  other  kinds  show ;  the  palatines  are  widest  where  the 
pterygoid  bones  fit  on  to  them  ;  these  latter  bones  ( pg .)  fit  obliquely  to  the  outer  half 
of  the  palatine  edge,  leaving  its  median  notch  free  ;  they  then  run  outwards  and 
forwards. 

They  have  a  thick,  ascending,  or  cranial  part,  and  a  retral  inferior  hamular  process, 
which  has  a  concave  outer  and  a  convex  inner  margin,  and  a  slight  inclination  to  the  mid¬ 
line.  Each  bone  is  tipped  with  true  cartilage  as  in  the  Hedgehog  and  Mole  (as  I  shall 
show  in  my  next  part).  Yet,  notwithstanding  the  merely  lateral  position  of  the  ptery¬ 
goids,  the  hard  palate  hides  the  presphenoidal  cartilage,  which  it  does  not  in  a  Tatusia 
of  the  same  age  (Plate  6,  fig.  1),  and  this  great  bony  floor  occupies  the  foremost  two-thirds 
of  the  basal  part  of  the  skull.  The  jugals  (j .)  are  altogether  larger  than  in  the  other 
genus,  and  they  are  much  further  apart,  through  the  width  of  the  skull.  The  squamosal 
( sq .)  carries  a  much  larger  glenoidal  cartilage  ( gl.f ),  and  it  lies  at  the  beginning  of  the 
hindmost  fourth,  instead  of  the  hindmost  third  of  the  skull’s  length.  Also  the  annulus 
tympanicus  (a.ty.)  does  not  cover,  in  this  aspect,  the  inner  part  of  the  squamosal,  as  in 
Tatusia;  in  this  type  that  part  is  very  large.  Behind  the  condyloid  lunule  the  bone 
forms  a  thick  obtuse  process  with  a  pneumatic  foramen  in  its  postglenoid  process. 
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Inside  the  glenoid  condyle  the  squamosal  runs  across  and  forwards,  binding  strongly 
on  the  solid  alisphenoids  ( al.s .) ;  with  their  help,  an  oblique  thick  ridge  of  bone  is 
formed,  which  runs,  with  a  concave  outline,  outwards  and  backwards,  from  the  ptery¬ 
goid  to  the  opisthotic  corner  of  the  ear-capsule  {op.).  There  the  broad  thick  basis 
cranii  also  has  a  concave  margin  which  runs  outwards  and  backwards,  and  thus  a  large, 
oblique,  oval  space  is  left  in  the  floor  of  the  cranium  ;  this  is  filled  in  by  the  auditory 
capsule,  mainly  by  its  cochlear  region  {chi.).  On  the  inside  the  fissure  is  filled  with 
fibrous  tissue  until  we  come  to  the  opening  for  the  vagus  and  glossopharyngeal  nerves 
(X.,  IX.).  In  the  front  of  this  fissure  the  internal  carotid  artery  enters.  Outside  we 
see  the  higher  part  of  the  outer  lamina  of  the  squamosal  helping  to  enlarge  the  tegmen 
tympani,  and,  in  front,  the  facial  nerve  (VII.)  escapes  from  the  skull,  and  gains  the 
hollow  of  the  tegmen.  It  then  runs  along  that  arched  way,  and  before  escaping 
through  the  stylomastoid  foramen  burrows  through  the  cartilage  formed  by  the  fusion 
of  the  auditory  capsule  with  the  epihyal  {e.hy.). 

Near  this  tunnel,  on  the  side  of  the  capsule,  we  see  the  fenestra  ovalis  ( fs.o .),  and  at 
the  fenestra  rotunda  (fr.)  the  outside  of  the  proximal  coil  of  the  cochlea  {clil.).  The 
optic  nerve  (II.)  can  be  seen  emerging  from  the  orbitosphenoid,  and  behind  it  an 
oblique  tract  of  the  alisplienoid  is  seen  ;  it  is  very  thick,  has  the  foramen  ovale 
(V3.)  in  its  middle,  and  a  suture  appears  right  and  left  of  this  hole,  due,  I  have  no 
doubt,  to  a  primary  division  of  the  bony  deposit  as  in  Tatusia,  but  with  the  suture 
more  oblique. 

Like  the  other  structures,  the  parachordal  region  is  much  more  outspread  ;  the 
basisphenoid  {b.s.)  has  a  rounded  outline,  and  does  not  yet  reach  the  edges  of  the 
great  cartilaginous  beam.  The  basioccipital  {b.o.),  also,  lies  in  a  large  tract  of 
cartilage,  reaching  the  sides  nowhere  ;  it  is  oval,  with  the  long  diameter  median.  A 
widish  tract  of  cartilage  exists  between  the  basal  and  lateral  bones — the  exoccipitals 
(e.o.),  on  the  edge  of  which,  in  front,  the  hole  for  the  hypoglossal  (XII.)  is  seen.  The 
unossified  capsules,  in  their  opisthotic  region  {op.),  run  almost  directly  inwards,  with 
scarcely  any  paroccipital  elevation  between  them  and  the  condyles  {oc.c.).  Instead 
of  being  in  front  of  the  general  lower  face  of  the  skull,  the  large  ovato-reniform 
condyles  are  behind  it,  and  instead  of  the  supraoccipital  tract  {s.o.)  being  largely  seen 
in  this  view,  it  is  only  apparent  at  the  hinder  outline  of  the  foramen  magnum  {fm.). 

Hence  the  setting  on  of  the  head  in  these  two  types  is  ver}7  different ;  here,  it  is 
much  more  terminal  than  in  Tatusia ,  where  it  is  almost  as  much  under  the  head  as  in 
the  Primates.  On  one  side  of  my  dissection  the  ear-drum  was  left  in  situ.  The 
annulus  {a.ty.)  is  only  half  as  broad  as  in  the  other  kind,  although  quite  ossified  ;  a 
considerable  space,  filled  with  fibrous  tissue,  exists  between  the  annulus  and  the  basis 
cranii.  The  malleus,  Meckel’s  cartilage,  and  the  membrana  tympani  {ml.,  wk.,  m.ty.) 
are  shown  in  this  view,  these  will  be  better  understood  by  reference  to  other  figures 
(figs.  3a  and  6). 

The  upper  view  (Plate  7,  fig.  2)  shows  the  great  breadth  and  shield-like  form  of 
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the  skull,  with  its  more  outspread  zygomatic  arches,  and  its  more  definite  orbital  waist. 
The  premaxillaries,  maxillaries,  lacrymals,  jugals,  and  squamosals  (px.,  mx.,  1.,  j.,  sq.) 
are  all  fairly  in  view  in  this  aspect.  Plight  and  left  of  the  median  suture  the 
three  main  roof  bones,  nasal,  frontal,  and  parietal  (n.,f,  p.),  finish  the  roof ;  here,  as  in 
Tatusia,  there  is  no  interparietal,  so  large  in  the  Insectivora.  Both  the  nasals  and 
the  parietals  are  relatively  about  one-third  larger  in  this  kind,  so  that  the  frontals  do 
not  cover  so  large  a  proportion  of  the  roof,  nor  are  they  specially  swollen  over  the 
lateral  ethmoids.  Postero-laterally,  the  temporal  fossse,  which  open  freely  into  the 
orbit,  are  well  seen  from  above,  and  the  squamosals  form  a  rounded  angle,  behind, 
over  the  opisthotic  cartilage  (see  fig.  1,  op.).  Mesiad  of  those  elbows,  the  hind  margin 
of  the  skull  forms  a  neatish  quadrant,  the  inner  half  of  which  is  the  ossified  supra- 
occipital  (s.o.),  which  turns  over  the  roof  to  an  extent  equal  to  half  the  sagittal  suture; 
the  lambdoidal  suture  is  gently  sinuous,  the  convexity  of  the  line  looking  forwards  in 
the  middle  and  backwards  at  the  sides. 

If  the  side  view  be  compared  with  that  of  the  other  kind  (Plate  7,  fig.  3  ;  and  Plate  6, 
fig.  3)  the  general  likeness  and  the  special  differences  of  the  two  kinds  will  be  seen. 

Here,  the  premaxillaries  (px.)  are  twice  as  large,  and  the  lacrymals  (/.)  only  half 
the  size  of  those  of  Tatusia ;  then  the  frontals  (f.)  being  flatter,  the  maxillaries  (mx.) 
are  larger  behind  ;  their  infraorbital  foramen  (V2.)  is  higher  up  and  more  exposed. 
The  smaller  lozenge-shaped  lacrymal  (l.)  has  its  canal  ( l.c .)  nearly  in  the  middle  of  the 
facial  part,  and  this  bone,  with  the  jugal  (j.)  and  frontal  (f.)  form  a  more  rounded  and 
neater  orbital  rim,  two-thirds  round  the  space.  But  the  orbit  and  the  temporal  fossa 
do  but  form  one  general  valley,  reaching  from  the  lacrymal  to  a  point  over  the  head 
of  the  malleus  (ml.). 

Tne  coronal  suture  is  formed  by  the  sinuous  line  of  union  of  the  thick  edged 
frontals  and  parietals  ;  it  ends,  below,  on  the  squamosal,  at  its  front  third,  opposite 
the  end  of  the  jugal,  which  bone  (j.)  is  flat,  thick,  and  especially  enlarged  both  before 
and  behind,  where  it  rests  on  the  maxillary,  and  where  the  jugal  process  of  the 
squamosal  rests  on  it.  If  the  squamosal  (sq.)  shows  more  in  the  upper,  it  shows  less 
in  the  side  view ;  its  pre-  and  postglenoid  processes  are  small,  but  the  post -temporal 
part  grows  well  down  over  the  hinder  tympanic  recess. 

Looking  under  the  jugal,  we  see  a  small  part  of  the  orbitosphenoid,  with  its  optic 
foramen  (see  fig.  1,  2),  the  chink  for  the  1st  and  2nd  branches  of  the  5th  nerve  (V1,2.), 
and  the  alisphenoid,  wfith  its  foramen  ovale  and  the  suture  across  it  (V3.).  Beneath 
these  parts  the  palatal  elements — maxillary,  palatine,  pterygoid  (mx.,  'pa.,  pg.) — are 
seen.  The  hamular  process  of  the  pterygoid  is  seen  to  look  downwards,  and  to  be 
capped  with  cartilage.  The  tympanic  region  is  well  seen  in  this  side  view  of  the 
skull ;  the  annulus,  Meckel’s  cartilage,  malleus,  incus,  and  membrana  tympani  (a.ty., 
mk.,  ml.,  m.ml.,i.)  are  all  seen,  and  above  them  a  considerable  tract  of  the  squamosal. 
The  epihyal  (e.liy.)  is  still  continuous  with  the  opisthotic  cartilage  (op.),  and  behind  it 
the  facial  nerve  (VII.)  is  emerging  ;  these  parts  are  very  near  the  end  of  the  skull, 


DEVELOPMENT  OF  THE  SKULL  IN  THE  MAMMALTA. 


45 


and  between  them  and  the  condyle  ( oc.c .)  there  is  a  very  inconspicuous  paroccipital 
tract.  The  exoccipital  and  supraoccipital  ( e.o .,  s.o .)  are  seen  in  the  midst  of  large 
tracts  of  solid  cartilage. 

It  is  impossible  to  look  at  the  end  view  (fig.  4)  without  being  reminded  of  low 
Ichthyopsidan  types  of  skull  ;  the  cartilage  is  as  solid  as  in  them,  and  the  osseous 
centres  are  mere  patches  in  it.  The  general  form  of  the  occipital  end-wall  is  trans¬ 
versely  oval ;  it  overhangs  a  little  above  (see  fig.  3),  and  then  curls  over,  above,  where 
the  bony  centre  (s.o.) — single  now,  but  undoubtedly  double  once — is  somewhat 
trilobate.  This  supraoccipital  centre  is  thus  like  a  sessile  leaf  with  a  trilobate  upper 
outline,  and  a  concave  petiolar  attachment  ;  this  is  the  lower  margin  over  the  foramen 
magnum  ( f.m .).  What  looks  in  the  side  view  (fig.  3)  like  a  large  epiotic  swelling  is, 
in  reality,  seen  here  to  be  the  thick  convex  edge,  right  and  left,  of  the  great  supra¬ 
occipital  shield.  Here  we  see  the  whole  line  of  demarcation  between  the  auditory 
capsule  and  the  back  wall  of  the  skull  proper,  converted  into  an  arcuate  chink,  which 
becomes  a  triangular  recess,  below  Outside  this,  the  epiotic  and  opisthotic  regions 
{op.) — to  the  latter  of  which  the  epihyal  (e.hy.)  is  fused,  and  through  which  the 
facial  nerve  (VII.)  passes — is  but  a  narrowish  convex,  lateral  tract,  thinning  out  below, 
where  it  flanks  a  very  indefinite  paroccipital  tract  ( p.oc .).  Inside  that  tract,  and  over 
and  within  the  condyle  (oc.c.),  we  see  the  orbicular,  exoccipital  (e.o.),  only  one-tenth 
the  size  of  the  once  double  upper  bony  tract  (s.o.). 

Like  the  rest  of  the  skull  the  occipital  basal  margin  and  condyles  are  a  very  wide 
structure,  the  bony  basioccipital  does  not  reach  the  foramen  magnum  ;  this  passage  is 
lower  than  in  Tatusia  (Plate  6,  fig.  4),  it  inclines  upwards  and  backwards  (see  figs.  1 
and  3).  The  parietals  (p.)  and  squamosals  (sq.)  are  hardly  seen  in  this  view. 

The  mandible  (figs.  3,  3a)  has  the  same  general  shape  as  in  Tatusia,  but  it  is  heavily 
built,  and  not  at  all  like  the  elegantly  slight  structure  seen  in  the  other  kind ;  the 
teeth  also  run  further  forwards,  and  are  larger.  Altogether  this  type  is  further  from 
the  Anteaters  than  the  others,  and  on  the  whole  less  modified  from  the  average 
Mammalian  type. 

A  little  cartilage  is  still  seen  in  the  coronoid  and  angular  processes  as  well  as  in 
the  articular ;  Meckel’s  cartilage  (mJc.)  is  still  quite  perfect.  The  malleus  (figs.  3a 
and  6,  ml.)  is  unlike  that  of  Tatusia,  the  head  is  more  solid,  and  the  posterior  angular 
process  is  more  distinct,  but  high  up,  almost  close  to  the  articular  condyle.  The 
manubrium  forms  an  acute  angle  with  the  main  bar  instead  of  being  parallel  with  it, 
and  having  its  “  elbow  ”  low  down ;  it  is  also  longer,  and  is  dilated  at  its  end. 

The  small,  hooked  ectosteal  plate  has  only  just  begun  to  graft  itself  on  the  under 
face  of  the  malleus.  The  incus  (i.),  which  is  quite  unossified,  is  like  that  of  Tatusia, 
and  so  is  the  stapes  (st.) ;  it  also  shows  a  small  “  interhyal  ”  (i.hy.)  in  the  tendon  of  the 
stapedius  muscle  (st.m.).  The  hyoid  arch  is  quite  normally  Mammalian,  and  not  like 
that  of  Tatusia ;  the  epihyal  (figs.  4  and  5,  e.hy.)  lingers  on  as  part  of  the  general 
arch,  which  is  thus  tied  to  the  skull  ;  the  partly  ossified  upper  ceratohyal  (c.liy.),  not 
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yet  segmented  from  it,  thickens  downwards,  then  comes  the  shorter  ceratohyal  (c.hy.) 
not  ossified,  and  the  hypohyal  ( h.hy .)  the  same.  The  body  (b.li.br.)  has  no  retral 
process,  and  is  unossified  at  present ;  the  thyrohyals  ( t.hy .)  are  partly  ossified,  and 
are  in  this  type  segmented  off  from  the  body. 

In  these  things  Dasypus  shows  itself  more  as  a  normal  Mammal,  whilst  Tcitusia  is 
very  low  and  abnornal. 

Bradypodida:. 

This  second  and  only  other  group  of  Neotropical  Edentata  with  imperfect  teeth  is  in 
as  great  a  contrast  with  the  first  as  can  be  well  imagined,  and  yet  I  quite  agree  with 
Professor  Flower  in  looking  upon  all  the  Edentata  from  that  region,  toothed  or 
toothless,  as  being  suckers  from  one  common  root-stock  (see  Proc.  Zool.  Soc.,  1882, 
pp.  358-367  ;  and  Art.  “  Mammalia,”  Encyc.  Brit.,  9th  edit.,  vol.  15,  p.  384).  I  shall 
describe  the  South  American  forms  first,  and  then  take  up  the  Palseotropical  kinds  ; 
in  both  the  extreme  diversity  of  the  existing  forms,  and  in  some  cases  their  almost 
extinct  condition — -just  one  or  two  species  of  an  extremely  isolated  type — suggest, 
powerfully,  the  great  losses  this  group  has  suffered  since  its  evolution. 

If  any  one  doubts  that  the  short-faced  Sloths  are  intrinsically  of  the  same  stock  as 
the  long-faced  Anteaters  of  the  same  region,  I  would  refer  him  to  my  figures  and 
descriptions  of  the  scapula  in  these  curiously  dissimilar  forms  (‘ Shoulder-girdle  and 
Sternum,’  Plates  2  L— 23,  pp.  199-207). 

My  materials  for  working  out  the  skull  in  this  group  were  as  follows  : — 

First  Stage.  Embryo  of  Unau  ( Cholopus  didactylus ),*  3^  inches  long  (Plate  1, 
figs.  1,  2.) 

Second  Stage,  Embryo  of  Ai  ( Brodypus )  ( Arctopithecus)^ - ?  sp.)  5  inches  long. 

Third  Stage.  Young  of  Unau  ( Cholopus  Iloffmanni),  8  inches  long. 

Fourth  Stage.  Young,  half-grown,  of  Ai  ( Bradypus  tridactylus,  Linn.). 

I  have  just  given  reasons  for  supposing  that  the  Tatous  ( Tcitusia )  are  less  typical 
than  the  species  of  the  genus  Dasypus,  so  I  shall  now  give  reasons  for  considering  the 
Bradypodidae,  generally,  as  inferior  to  the  Dasypodidse,  as  a  whole,  Cuvier’s  insight 
was  never  better  shown  than  when  he  classed  the  heterogeneous  Edentata  together— 
both  the  Old  and  New  World  forms  ;  and  the  same  instinct,  which  led  him  to  put  the 
Monotremes  with  them,  was  not  so  far  out  as  seems  at  first  sight.  I  am  satisfied  that 
the  Edentata  in  becoming  “  Eutheria  ”  never  utilized  the  Metatherian  stage,  but 
passed  rapidly — at  a  bound,  so  to  speak — from  the  Prototherian  stage,  into  the  basal 
region  of  the  highest  group.  There,  however,  they  have  stayed;  they  are  just  equi¬ 
valent,  in  their  fullest  development,  to  the  lowest  and  most  generalized  of  the  In- 
sectivora,  some  of  which,  very  probably,  are  modified  and  improved  “  Metatheria,”  or 
Marsupials. 


*  This  Embryo  has  seven  cervical  vertebras ;  G.  Iloffmanni  has  only  six. 
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Skull  of  embryo  of  Cholopus  didactylus  (3^  inches  long). — First  Stage. 

In  this  type  the  nostrils,  as  seen  in  the  lower  vieiv  (Plate  8,  fig.  1,  e.n),  are  not 
inferior,  but  lateral ;  and  the  alinasal  floor  ( al.n .)  shows  but  a  small  distance  in  front 
of  the  premaxillaries  (px.) ;  the  basal  alse  reach  to  these  openings,  as  the  roofs  do, 
above  (fig.  2,  al.n.).  The  premaxillaries  are  as  small  as  in  Tatusia,  but  they  have  each 
a  well-formed  palatine  process,  nearly  as  large  as  the  narrow,  anterior,  or  dentary 
tract.  The  pointed  ends  of  these  submesial  spurs  do  not  reach  the  inner  part  of  the 
maxillary  palatine  plates  (mx.),  for  these  retreat  considerably,  leaving  a  considerable 
angle  of  membrane  exposed  ;  this,  and  the  two  round  notches  between  the  inner  and 
marginal  parts  of  the  premaxillaries,  form  a  cordiform  tract,  in  the  anterior  lobes  ol 
which  we  see  the  openings  of  Jacobson’s  organs  (j.of  In  this  early  embryo, 
about  one-tliird  ripe,  the  palatine  plates  of  the  maxillaries  (mx.)  are  only  just 
approximating  even  in  the  middle  ;  in  the  hind  part,  as  in  front,  there  is  a  considerable 
angular  space,  enclosed  by  these  ingrowths  of  bone.  The  whole  of  this  double  tract 
is  nearly  square ;  the  breadth  across  the  foremost  alveoli  is  greater  than  the  length 
in  the  middle  ;  at  the  sides,  the  last  pair  of  alveoli  overlap  the  palatines  (pa.),  and 
there  make  the  side  measurement  the  longer  of  the  two.  Already  the  foremost 
alveoli,  with  their  teeth,  project  most,  whilst  the  last  pair  project  least ;  there  is  room 
for  two  sockets,  with  their  teeth;  between  the  first  and  second,  a  shallow  groove  is  seen 
along  this  edentulous  space.  The  inter-alveolar  flange  is  separated  from  the  inner 
part  of  the  bone  by  a  less  distinct  groove  than  that  seen  in  Tatusia ;  behind,  it  forms, 
at  its  palatine  end,  a  definite  and  widish  space.  In  this  view,  the  facial  part  of  the 
maxillaries  is  seen,  as  a  right  and  left  wing  ;  in  this  space  the  infraorbital  foramen  (V3.), 
is  well  shown ;  its  bridge,  or  floor,  is  narrow.  The  rest  of  the  palate  is  very  peculiar, 
it  is  quite  a  rough,  generalized  structure,  the  palatines  (pa.)  themselves  being  not  so 
much  developed  in  this  region  as  the  pterygoids  are  in  Tatusia  hybrida,  at  a  somewhat 
later  stage.  There  is  an  angular  space  between  the  palatine  plates  of  these  bones, 
in  front,  and  behind  ;  they  do  not  meet  at  the  mid  line.  They  then,  like  the  pterygoids 
of  Tatusia  hybrida,  diverge,  so  as  to  leave  a  semi-oval  space,  in  which  the  broad 
basis  cranii  is  seen,  or  all  its  presphenoidal  region  (p.s.).  The  ascending  or  cranial  part 
of  the  palatines  is  very  limited ;  the  wall  formed  by  the  bone  is  extremely  thick  and 
rough,  and  behind  the  last  tooth  socket  each  bone  forms  a  rounded  boss,  from  which 
the  rest  of  the  bone  diverges  gently. 

But  all  this  roughness  is  seen  in  a  double  degree  in  the  pterygoids  (pg-),  which 
have  a  very  reptilian  simplicity  of  form,  and  independence  of  the  basis  cranii,  to  which 
their  attachment  is  very  limited.  Each  bone  is  like  a  rough  nut,  in  miniature  ;  it  is 
somewhat  scooped  postero-laterally,  and  at  its  end  has  a  cupped  cavity,  filled  with 
hyaline  cartilage;  the  remnant  of  the  Ichthyopsidan  cartilaginous  “upper  jaw.” 

The  whole  palate  is  very  generalized,  and  therefore  very  instructive  ;  it  improves 
afterwards  (see  Plate  9,  fig.  1),  and  yet  in  the  large  young  of  this  genus  the  palatine 
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plate  of  the  palatines  is  as  arrested  as  in  the  very  open  palate  of  a  Rabbit,  or  the 
most  closed  (“  desmognathous  ”)  palate  seen  in  Birds,  namely,  in  Podargus  (see  Trans. 
Linn.  Soc.,  ser.  2,  Zool.,  vol.  i.,  Tab  23,  figs  6-8).* 

In  the  distance,  the  large  orbital  plates  of  the  frontal  are  seen,  and  laterally,  on  the 
level  of  tlie  palate,  the  jugals  and  squamosals  (j.,  sq.) ;  these  lateral  parts  have  a  pecu¬ 
liar  independence  of  each  other.  Such  is  not  seen  again  until  we  are  down  among  the 
Lizards  and  Serpents.  Hei’e  the  large  jugal  (j.)  is  articulated  to  the  maxillary  in 
front,  but  has  its  bifurcated  hind  part  free.  Answering  to  this  structure,  the  zygomatic 
process  of  the  squamosal  (sq.)  is  aborted,  and  the  large  crescentic  glenoid  saddle  ( gl.f. ) 
lies  between  two  thick  ridges  of  bone,  its  concavity  looking  forwards.  These  ridges 
meet  behind  the  facet  as  a  low,  arched  postglenoid  tract,  and  then  the  rest  of  the 
bone,  as  seen  in  this  aspect,  runs  outside  the  tegmen  tympani  ( t.ty .),  largely  helping 
by  its  concavity  to  increase  the  size  of  the  chamber  in  which  the  ossicula  auditus 
(m.ml.,  m.k.)  lie,  and  along  which  the  facial  nerve  (All.)  runs.  A  very  small  tract  of 
skull- wall  is  seen  between  the  pterygoids  and  the  glenoid  region,  right  and  left,  but 
the  basis  cranii  is  seen  up  the  fore  end  of  the  presphenoidal  region  ( p.s .), 

That  is  all  cartilaginous,  and  in  this  marvellously  stout  little  skull  the  whole  beam 
has  twice  the  thickness  it  has  in  Tatusia.  The  basisphenoidal  region  is  more  than 
equal  to  the  presphenoidal  in  extent,  but  its  middle  two-thirds  only  is  ossified  ;  this 
basisphenoidal  bone  ( b.s .)  has  all  its  four  subequal  sides  concave  ;  its  outer  sides  are 
pressed  upon  by  the  pterygoids.  Then  comes  a  tract  of  cartilage  which  is  longer  than 
the  bone,  but  narrows,  backwards,  for  its  hind  margin  is  between  the  most  bulging 
part  of  the  large  cochleae.  The  basioccipital  (b.o.)  is  lozenge-shaped,  with  the  front 
and  hind  angle  truncated ;  it  is  larger  than  the  basisphenoid,  and,  like  it,  reaches 
the  edges  of  the  basal  cartilage.  The  occipital  arch  is  less  by  far  than  the  auditory 
region,  and  the  paroccipital  region  is  but  little  marked — as  in  the  Dasypodidae.  The 
large  condyles  ( oc.c .)  are  partly  under  the  skull,  yet  they  are  well  seen  behind  (fig.  4) ; 
they  are  obliquely  reniform  and  enclose  a  large,  subcircular  foramen  magnum  (fm.). 
The  exoccipitals  ( e.o .)  are  separated  by  a  tract  equal,  nearly,  to  their  own  width  from 
the  other  occipital  centres  (b.o.,  s.o.)  ;  the  hypoglossal  (XII.)  notches  the  bone  in  its 
lower  or  anterior  edge  on  the  right  side,  nearer  to  the  auditory  capsule  than  to  the 
condyle.  Still  further  forwards  the  9th  and  10th  nerves  (IX.,  X.)  pass  out,  the  basal 
cartilage  being  notched  for  them  behind  the  capsules. 

These  latter  parts  are  very  large,  and  wholly  cartilaginous,  at  present ;  the  cochlea 
has  the  appearance  of  being  composed  of  only  two  coils,  for  the  proximal  part  is  one 
large  curved  convexity,  the  distal  or  hemispherical  mass  lying  in  its  concavity.  Both 
the  fenestrm  (fs.o.,fr.)  are  seen  in  this  view,  and  also  the  facial  nerve  (VII.),  both 
along  the  tegmen,  and  at  its  exit  behind  the  thick  epihyal  (e.hy.),  which  it  notches. 

*  The  Unau  comes  very  near  the  extinct  Gcelodon  in  the  structure  of  its  palate  ;  compare  these  figures 
(Plate  8,  fig.  1,  Plate  9,  fig.  1)  with  Reinhardt's  admirable  illustrations  of  that  type  (“  Kgempedovendyr- 
slsegten  Coelodon.”  Copenhagen,  1878). 
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This  somewhat  lemurine  skull,  seen  from  above  (Plate  8,  fig.  2),  shows  in  this  early 
stage  some  promise  of  the  stony  solidity  of  the  skull  of  the  adult.  The  roof-bones 
are  forming  rapidly,  and  only  a  lozenge -shaped  fontanelle  (fo.)  remains  in  the  vertex. 
The  premaxillaries  (px.)  are  scarcely  seen  in  this  aspect;  but  the  facial  plate  of  the 
maxillaries  ( mx .),  and  the  great  front  alveoli,  come  into  view  ;  between  them  the 
nasals  (n.),  behind  the  short  snout  ( al.n .),  are  seen  as  short,  wide  bones,  only  one-third 
longer  than  broad,  and  having  their  fore  edge  cut  away  on  the  inside.  The  maxillaries 
and  nasals  form  a  convex  margin  to  unite  with  the  concave  fore  margin  of  the 
frontals  ( f ).  Outside  their  narrow  fore  end  the  smallish  lacrymals  rest  on  the  jugal 
process  of  the  maxillaries,  and  behind  these  the  jugals  (j.)  come  into  view.  Even 
now,  in  their  narrow  fore  part,  the  frontals  show  that  pitting  which  is  a  sure  sign  of  a 
dense  and  solid  bone  in  its  early  stage.  The  remainder  of  these  bones  is  radially 
fibrous,  like  the  parietals  (p .),  and  these  plates  are  about  equal,  the  fore  part  of  the 
frontals  being  left  out  of  consideration. 

The  supraorbital  rim  is  better  formed  than  in  the  Armadillos  ;  its  terminal  or 
postorbital  process  is  well  defined.  From  it,  forwards,  the  edge  of  the  bone  has  a 
gently  concave  outline,  so  that,  although  the  frontals  narrow  in,  forwards,  they  form 
-everywhere  a  large  roof  over  the  fore  brain.  The  postorbital  part  of  the  frontals  is 
one-third  the  extent  of  the  whole,  and  it  nearly  reaches  as  far  outwards  as  the  large 
convex  parietals  (p.).  In  their  re-entering  angle,  behind,  we  get  a  view  of  the  upper 
half  of  the  occipital  arch  ( s.o .),  which  is  ossified  very  early  and  very  rapidly ;  much 
more  so  than  in  the  Dasypodidse,  although  in  neither  of  these  types  is  there  any 
“  interparietal  ”  or  additional  membrane  bone,  or  bones.* 

This  cartilage  bone  shows  the  pitting,  which  is  seen  in  the  fore  part  of  the  frontals. 
The  occipital  condyles  (see,  also,  fig.  1,  oc.c .)  can  just  be  seen  from  above. 

In  the  side  view  (fig.  3)  we  get  a  display  of  parts,  the  figure  of  which  might  serve 
as  an  elementary  diagram  of  a  Mammalian  skull.  The  short,  depressed  snout  shows 

*  There  is  something  which  has  to  he  accounted  for,  here ;  the  interparietal,  which  is  formed  nearly 
always  from  two  primary  centres,  and  which  figures  so  largely  in  Marsupials  and  Insectivores,  and  in  the 
Eutheria  above  them,  is  totally  absent  in  the  Neotropical  Edentates,  and  in  the  Pangolins  of  the  Old 
World.  In  Orycteropus  it  is  as  large  as  in  the  Insectivorous  Bhyncocyon  from  the  neighbouring  region — 
(Zanzibar,  East  Coast) — a  type,  the  skull  of  which  I  shall  compare,  in  my  next  paper,  with  what  I  am 
able  to  show  of  Orycteropus  in  this ;  for  the  Cape  Anteater  lies  somewhere  between  the  Armadillos  and 
that  most  perplexing,  most  generalized  Insectivore.  Looking  at  the  Mammalia,  generally,  and  bearing  in 
mind  that  Birds  with  the  largest  skulls  (Crows  and  Songsters)  have  no  interparietal,  it  seems  evident 
that  that  bone  comes  in  to  help  the  parietals  in  roofing  in  the  enlarging  brain  of  the  Mammal.  In  a 
young  Ornithorhynchus,  the  size  of  a  new  born  kitten,  with  the  hairs  just  appearing,  the  parietals  form 
one  thick  continuous  mass,  as  in  the  Ophidia,  and  the  large  bilobate  ossification  of  the  supraoccipital 
cartilage,  is  fast  growing  to  its  hind  margin.  I  see,  also,  the  same  thing  in  the  Echidna  at  a  little  later 
stage.  Some  things,  no  doubt,  in  the  Edentata  are  due  to  degeneration,  or  suppression,  but  I  feel  sure 
that  they  were  never  higher  in  the  scale  of  the  Mammalia,  on  the  whole,  than  they  are  now,  and  strongly 
suspect  that  they  are  a  sort  of  metamorphosed  Monotremes,  in  which  the  Marsupial  stage  was  got 
through  rapidly. 
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the  nostrils  with  a  rounded  rim,  and  a  small  valvular  process  ;  they  open  laterally. 
The  premaxillaries  ( px .)  can  be  seen  in  this  view,  on  their  outer  edge,  without  any 
ascending  or  facial  plate,  looking  no  larger  than  the  1st  maxillary  tooth. 

The  maxillaries  (mx.)  are  small  relatively  to  the  skull,  generally,  and  they  have 
their  infraorbital  foramen  (V2.,  see  fig.  1)  rather  inferior  than  lateral ;  there  is  a  small 
hole  in  front  of  the  main  passage  ;  the  bone  generally  is  curiously  ribbed  and  wrinkled. 

Over  it  we  see  the  edge  of  the  nasal  (n. ),  and  under  the  contiguous  parts  of  the 
nasal,  frontal,  and  maxillary,  the  smallish,  thick,  perforated  lacrymal  ( l .)  comes  in  to 
form  the  foremost  part  of  the  orbital  margin  ;  the  canal  (i.c.)  opens  on  its  edge.  The 
jugal  (j.)  has  as  well-formed  an  orbital  margin  as  the  frontal,  above,  and  they  with 
the  lacrymal  make  a  rim  about  the  eye-socket  for  all  but  its  hinder  fourth.  Even 
there  the  postorbital  process  of  each  bone  is  thick  and  tends  to  cover  in  this  part  ; 
we  shall  see  that  this  nascent  perfection  of  the  orbital  rim  is  only  temporary  (see 
Plate  9,  fig.  3),  so  that  the  early  skull,  only,  can  be  said  to  look  towards  that  of 
a  Lemur ;  here,  it  is  evident,  we  find  signs  of  degeneracy,  or  retreat,  from  the  more 
normal  Mammalian  type  of  skull.  That;  the  great  peculiarity  of  the  jugal  bone  is  not 
something  new  in  the  existing,  dwarfed  Bradypodidse  is  evident,  for  in  this  species 
this  early  stage  shows  its  great  peculiarities  best  ;  they  are  softened  down  after¬ 
wards.  * 

Below  the  neat  orbital  rim  of  the  jugal,  the  bone  is  obliquely  attached  to  the 
maxillary  ;  thence  it  is  free,  and  ends  in  a  postorbital,  a  zygomatic,  and  an  infrajugal 
process  ;  together,  these  processes  give  a  great  depth  to  the  bone  ;  behind  the  middle 
and  lower  snags  we  see  the  coronoid  process  of  the  mandible. 

Over  the  orbit  the  frontal  rises — until  at  the  vertex  it  is  very  high — as  the  roof  of 
a  very  large  skull  cavity.  The  orbital  plate  of  the  frontal  is  large,  but  is  imperfect 
below  at  present.  The  parietal  (p.)  is  larger  than  would  seem  from  the  upper  view,  for 
it  runs  well  down  behind  the  auditory  capsule,  between  it  and  the  supraoccipital. 
The  lower  margin  forms  a  sinuous  line  over  the  inside  of  the  huge,  open  temporal 
fossa,  and  only  at  its  middle,  most  projecting  part  does  it  reach  the  top  of  the 
squamosal  (sq.).  Besides  the  fontanelle  at  the  vertex  (fo.)  there  is  another  on 
each  side,  where  the  frontals  and  parietals  diverge  behind  the  orbits.  This  is,  at 
present,  several  times  as  large  as  the  upper  open  space,  and  as  far  as  superficial  bones 
are  concerned,  it  reaches  from  that  divergence  above,  and  the  junction  of  the 
squamosal  and  parietal  behind,  forwards,  to  the  bottom  of  the  orbit  in  front.  In 
its  fore  half  it  exposes  the  large  orbitosphenoid  ( o.s .),  and  in  its  hinder  half  the 
long  band  of  cartilage  ( s.a.c .),  which  runs  on  to  join  the  top  of  the  auditory  capsule, 

*  If  this  figure  of  the  skull  of  the  early  embryo  of  the  Unau  be  compared  with  Reinhardt’s  splendid 
plates  of  Ccelodon  (Copenhagen,  1878),  and  Gryptotherium  (Copenhagen,  1879),  it  will  be  seen  how 
remarkably  the  jugals  correspond.  In  the  latter  (plate  1)  there  is  the  appearance  of  a  small  hole 
above  and  in  front  of  the  infraorbital  foramen,  which  evidently  corresponds  with  what  I  have  figured 
in  the  embryo  of  the  Unau ;  this  small  hole  is  also  to  be  seen  in  the  half-grown  Ai. 
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is  seen  passing  upwards  and  baok wards  along  the  middle  of  this  hinder  membranous 
tract. 

We  shall  see,  afterwards  (Plate  9),  how  completely  this  space  is  filled  in  by  the 
frontal  and  squamosal ;  the  latter  is  now  a  large  ear-shaped  scale  of  bone  with  a  thick 
horizontal  part,  capped  with  the  glenoid  facet  (see  fig.  1).  The  temporal  fossa, 
widely  opening  into  the  orbit,  is  but  slightly  walled  in  externally  by  the  projecting 
articular  part,  and  its  small  zygomatic  process.  The  inner  plate  of  the  squamosal 
reaches  further  forwards  than  the  outer ;  behind,  the  bone  ends  in  a  round  post¬ 
temporal  lobe,  which  overlaps  the  massive  ear-capsule  up  to  the  junction  of  the  anterior 
and  posterior  semicircular  canals  (a.s.c.,  jo.s.c.).  The  occipital  plane  is  very  wide  and 
transverse  (see  fig.  4)  ;  here,  in  the  side  view,  little  save  the  edge  of  the  arch,  with 
its  ossifications  ( s.o .,  e.o.),  and  the  condyle  ( oc.c .),  are  seen.  At  present,  the  mandibular 
ramus  ( d .)  is  very  slender,  not  much  stouter  than  that  of  Tatusia  ;  the  absence  of 
teeth  ntakes  the  fore  part  narrow  (Plate  8,  fig.  3  ;  and  Plate  9,  fig.  9).  But  the  coro- 
noid,  articular,  and  angular  processes  are  large,  and  largely  cartilaginous  ;  the  first 
of  these  is  long  and  distinct,  the  next  solid  and  wide,  the  next  a  large  rounded 
lobe. 

The  annulus  tympanicus  ( a  ty.),  although  narrow  and  simple,  is  quite  ossified 
already ;  Meckel’s  cartilage  ( mk .)  is  seen  in  front  of  it  ;  the  head  and  manubrium  of 
the  malleus  ( m.ml .),  are  seen  between  its  obliquely  placed  crura  ;  and  behind  the 
head  of  the  malleus  the  cartilaginous  junction  of  the  ear-capsule  with  the  epihyal 
is  seen,  behind  which  the  facial  nerve  (VII.)  is  emerging.  The  hyoid  arch  is  short, 
and  the  segmentation  below'  what  is  normal  even  for  a  branchial  arch  ;  not  only 
is  the  ceratohyal  ( c.hy .)  not  re-segmented,  but  it  is  continuous  with  the  epihyal. 
The  hypohyal  (h.hy  )  is  a  longish  curved  tongue-shaped  piece,  pointed  in  front,  where 
it  nearly  meets  its  fellow,  and  articulated  loosely  with  the  fore  parts  of  the  U-shaped 
basal  piece  ( b.h.br .),  for  the  thyrohyals  ( t.hy .)  are  not  segmented  off  from  it.  The 
only  bony  deposit  is  a  sheath  to  the  main  part  of  the  ceratohyal. 

The  end  view  (Plate  9,  fig.  4)  is  roughly  oval,  the  long  diameter  being  across,  and 
the  lower  margin  least  convex  and  with  several  sinuosities.  The  upper  view  (fig.  2), 
which  fails  to  show  the  full  size  of  the  parietals  (p~),  is  corrected  by  the  side  and  end 
views  (figs.  3  and  4).  Here  they  are  seen  with  gently  sinuous  margins,  and  meeting 
at  a  right  angle  to  overlap  the  upper  margin  of  the  occipital  arch  and  the  hind  part 
of  the  auditory  capsules.  Below  these,  right  and  left,  just  the  thin  slightly  inturned 
hind  edge  of  the  squamosal  (sq.)  comes  into  view,  binding  over  the  place  where,  within, 
the  ampullae  of  the  anterior  and  horizontal  canals  lie.  For  so  early  an  embryo  the 
supraoccipital  (s.o.)  is  a  very  large  osseous  centre  ;  it  has,  recently,  become  one  by  the 
union  in  most  of  its  lower  half  of  two  centres  of  bony  deposit ;  much  of  the  suture  is 
seen  above,  and  a  little  of  it  below.  The  part  next  the  two  parietals  is  nearly  a  right- 
angled  triangle ;  on  each  side  the  lower  angles  lie  on  the  auditory  capsules.  Below 
them  the  bone,  keeping  to  its  own  proper  chondrocranial  field,  has  a  short  concave 
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edge,  touching  the  top  of  the  two  united  canals  (tig.  4,  p.s.c.).  The  angle  between 
this  short  oblique  side  and  the  concave  line  of  the  base  of  the  hone  dips  somewhat  into 
the  oblique  deep  fossa,  which  at  this  part  divides  each  capsule  from  the  proper  occipital 
cartilage.  The  projecting  points  of  each  bone,  on  each  side  of  the  lower  remnant  of 
the  suture,  come  within  a  short  distance  of  the  neatly  circular,  large  foramen  magnum 
( fm .).  Between  the  convex,  ear-shaped  condyles  (oc.c.),  below,  the  basioccipital  is  seen 
( b.o .),  and  over,  and  outside  the  condyles,  the  squarish  exoccipitals  (see  fig.  1,  e.o .)  are 
seen,  creeping  upwards  towards  the  supraoccipital  and  outwards  into  the  quite  incon¬ 
spicuous  paroccipital  region.  Outside  that  tract  the  epihyals  and  facial  nerves  ( e.liy ., 
VII.)  are  shown,  and  above  them  the  oblique,  massive,  unossified  auditory  capsule, 
swelling  with  the  large  canals  (op.,  p.s.c.).  Already,  so  rapid  is  the  ossification,  the 
broadest  part  of  the  supraoccipital  bone  ( s.o .)  is  marked  by  an  arched  ridge  for  mus¬ 
cular  attachment  right  and  left  of  the  mid-line  ;  these  ridges  are  parallel  with  the 
lower  margin  of  the  bone. 

A  vertically  longitudinal  section  of  this  most  instructive  skull  (Plate  15,  fig.  5)  shows 
the  height  of  the  skull  cavity,  whilst  the  embryo  is  still  very  immature,  and  the 
continuity  of  the  marginal  part  of  the  cartilaginous  skull-basin  is  still  complete.  As 
in  the  side  view,  the  frontals,  parietals,  and  squamosals  (f,  p.,  scj.)  are  seen,  just 
meeting  in  their  most  projecting  parts,  but  they  fail  to  wall-in  the  skull.  Already,  in 
front,  the  frontals  are  very  thick,  and  the  nasals  ( n .)  also  ;  the  middle  vomer  (v.)  is 
short  and  stout,  and  the  anterior  paired  vomers  (v' .)  are  small,  thin,  curved,  clavate 
bones. 

The  septum  nasi  and  perpendicular  ethmoid  (from  a.l.n.  to  p.e.),  together,  form  but 
a  small,  low,  triangular  wall,  whose  blunt  apex  is  a  tittle  behind  the  middle,  and 
scarcely  rises  into  a  cartilaginous  crista  galli.  Altogether,  this  part  of  the  skull 
is  less  developed  than  in  the  Armadillos.  Between  the  partition  of  the  snout  and 
the  proper  septum  nasi,  there  is  a  small  oval  fenestra  (i.n.f.),  with  its  long  axis 
^lengthwise. 

The  thick  hind  margin  of  the  vertical  ethmoid  (p.e.)  is  grooved  for  the  olfactory 
nerves,  but  the  cribriform  plate  (cr.p.)  is  but  tittle  seen  in  this  view  ;  between  it  and 
the  orbitosphenoidal  band  (o.s.)  there  is  a  semicircular  fenestra.  The  roof-cartilage  is 
cut  away  ( al.n .  to  al.e.),  and  also  the  alinasal  (cd.n.)  itself,  but  its  thickness  is 
shown  ;  the  base  of  the  whole  septum  is  thickened  below  by  the  great  intertrabecula. 
This  is  shown  as  cut  away  from  the  presphenoidal region  (p.e.,  to  b.s.),  for  in  the  hind 
half  the  section  is  in  the  middle,  but  in  the  fore  half  the  basal  part  is  left  complete. 

Where  the  alinasal  region  ends,  there  the  cartilage  gives  off  a  curious  spoon-shaped 
retral  process,  the  recurrent  cartilage  ( rc.c .)  ;  this  is  concave  outside  and  convex 
towards  the  septum  nasi  ;  it  protects  Jacobson’s  organ,  and  so,  also,  does  the  tittle 
additional  vomer  (v.)  seen  on  each  side  in  this  region.  These  parts  are  better  seen 
below  (Plate  15,  fig.  6),  which  shows  the  broad,  symmetrical  floor  of  the  snout  and 
the  lateral  nostrils  (n.f,  e.n.).  The  floor  is  elegantly  alate  behind,  and  from  each 
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ala,  on  its  inner  edge,  arises  a  recurrent  cartilage.  Together,  in  this  view,  these 
look  like  a  lanceolate  leaf,  with  convex  halves,  like  that  of  Magnolia  grandijlora. 
The  walls  are  developed  into  the  inferior  turbinals  (i.tb.  ;  see  also  Plate  8,  fig.  9,  in 
Bradypus) ;  the  inner  part  of  the  floor  is  developed  behind  them.  Betwmen  the 
halves  of  the  nasal  floor  the  middle  vomer  (v.)  is  seen  ;  it  is  short,  notched  behind, 
carinate,  and  has  its  fore  end,  which  is  blunt,  hidden  by  the  recurrent  cartilages  ; 
behind  the  vomer,  the  widening  basis  cranii  is  seen  where  the  vertical  ethmoid  passes 
into  the  presphenoid  (p.e.,  p.s.).  This  latter  region  (fig.  5)  is  still  unossified  ;  it 
passes  insensibly  into  the  perpendicular  ethmoid  in  front,  and  on  each  side  grows  into 
a  large  wing,  the  orbitosphenoid  ( o.s .),  which  is  perforated  at  its  base  by  the  optic 
nerve  (II.).  In  this  stage  the  cartilage  ascends  and  becomes  a  large  plate,  continuous 
by  its  fore  corner  with  the  margin  of  the  rhinencephalic  fossa,  floored  by  the  cribriform 
plate  ( cr.p .).  Below  that  junction  there  is  a  crescentic  fenestra  between  the  two 
regions,  then  the  orbitosphenoid  rises  inside  the  orbital  plate  of  the  frontal  (f), 
and  then  dips  again  beneath  the  hind  lobe  of  that  bony  plate.  Across  its  widest  part 
the  orbitosphenoid  is  nearly  equal  to  the  great  internasal  partition.  After  a  little 
irregularity  of  margin  the  cartilage  runs  on,  rising  upwards  again  as  a  narrow  band, 
and  then  loses  itself  in  the  wide  supratemporal  lamina,  which,  in  its  turn,  passes  into 
the  supraoccipital  ( s.a.c .,  s.o .)  ;  the  upper  edge  of  the  supratemporal  tract  is  crenate, 
and  so  is  its  front  margin,  where  it  forms  the  postero-superior  margin  of  the  huge 
oval  lateral  fontanelle.  That  space  is  as  wide  as  the  auditory  capsule,  and  wider  than 
the  orbitosphenoid  ;  it  is  covered  in,  externally,  all  but  its  anterior  and  upper  margin, 
by  the  alisphenoid  ( al.s .)  below,  and  the  squamosal  ( sg .),  still  further  outwards,  above. 

That  peculiarly  Mammalian  character,  the  out-thrust  of  the  alisphenoid,  is  well 
seen  here  ;  this  “  ala  ”  is  now  ossified  as  a  thick  bilobate  mass,  which  leans  backwards 
on  to  the  tilted  auditory  capsule  ;  it  is  still  separate  from  the  basispkenoid  ( b.s .)  ; 
this  bony  deposit  does  not  reach  the  low,  transverse  postclinoid  wall.  At  present,  I 
see  no  proper  foramina  in  the  alisphenoid  (al.s.),  but  the  branches  of  the  5th  nerve 
(V1,2.,  V3.)  evidently  pass  through  mere  fissures.  Over  the  notched  top  of  the  ali¬ 
sphenoid  we  see  part  of  the  squamosal  ( sq .),  and  the  3rd  branch  of  the  5th  nerve 
(V3.)  escapes,  at  present  between  that  bone  and  the  alisphenoid  (al.s.),  in  the  chink 
between  its  lobes,  whilst  the  1st  and  2nd  branches  (V1,2.)  emerge  through  the  sphenoidal 
fissure  •  this  bone  is  very  rudimentary  at  present. 

The  rest  of  the  endocranium,  proper,  is  well  distinguished  from  the  auditory  capsule, 
which  is  tilted  back  at  an  acute  angle  to  the  basis  cranii.  The  whole  capsule  is  one- 
third  larger  in  outline  than  the  fenestra  in  front  of  it ;  the  cochlear  portion  is  jammed 
in  between  the  basal  beam  and  the  infero-lateral  walls  (see  also  Plate  8,  fig.  1),  whilst 
the  upper  and  hinder  margin  is  ribbed  all  round  by  the  thickening  outside  the  anterior 
and  posterior  canals  ( a.s.c .,  p.s.c.) ;  this  thickening  is  increased  and  turned  downwards 
where  the  two  canals  are  fused  into  one  “  sinus.”  Behind  the  ampullar  region  of  the 
anterior  canal  there  is  a  notable  aperture,  seemingly  for  the  facial  nerve  (VII.),  but 
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it  is  in  front  of  the  great  archway  for  the  branches  of  the  facial  and  the  auditory 
nerve  (VII.,  VIII.).  There  is  a  lesser  aperture  under  the  anterior  canal,  where  the 
concavity  is  shallow,  as  in  the  Dasypodidse,  and  not  deep,  as  in  the  Insectivora  and 
many  other  Eutheria ;  hence  the  “  flocculus  ”  must  be  but  little  developed  in  these 
Edentata.  The  endocranial  “setting”  of  the  capsule  is  about  two-thirds  the  breadth 
of  the  imbedded  sense-organ  which  bulges,  inwardly,  and  is,  although  confluent  with 
the  capsule  here  and  there,  yet  everywhere  well  marked  off  from  it. 

The  relation  of  the  three  osseous  centres  —  the  basi-,  ex-,  and  supraoccipital 
(6.0. ,  e.o.,  so.)  is  well  seen;  the  basal  piece  is  one-third  longer  than  the  cartilage  in 
front  of  ft,  twice  the  length  of  the  basisphenoid  ( b.s .)  in  front  of  that.  There  are  four 
holes  in  the  short  exoccipital ;  the  largest  of  these,  behind,  is  evidently  the  posterior 
condyloid  foramen,  the  rest  would  appear  to  let  out  the  hypoglossal  (XII.)  in  three 
strands;  externally  (Plate  8,  fig.  1),  it  only  has  one  passage  for  its  exit.  The  deep 
oblique  passage  for  the  larger  post-auditory  nerves  (IX.,  X.)  is  shown  in  this  figure. 

The  inner  view  of  the  double  mandible  (Plate  9,  fig.  9)  shows  some  extremely 
important  morphological  points.  The  primary  mandible  runs  from  a  point  near  the 
fore  end  of  the  secondary  ramus  to  a  point  considerably  behind  it ;  it  is  therefore  the 
longer  of  the  two  ;  moreover,  it  is  in  two  parts,  a  short  proximal,  and  a  long  distal, 
segment.  The  true  swinging  point  of  the  primary  mandible — the  pedicle”  or 
“  orbital  process,”  such  as  we  see  in  the  Ovipara- — is  suppressed  in  the  Mammal ;  hence 
the  incus  (or  quadrate)  has  merely  the  secondary  or  hinder  point  of  attachment,  above, 
the  short  crus  ( s.c.i .)  or  “  otic  process,”  The  line  of  segmentation  or  condyloid  face  is 
sinuous  or  saddle-shaped,  and  the  specially  Mammalian  p>^ocess — the  long  crus  ( l.c.i .), 
with  its  inturned  neck  and  flat  orbicular  head  for  articulation  with  the  topmost 
segment  of  the  hyoid  arch — is  well  developed.  The  solid  condyloid  region  of  the  main 
or  distal  segment,  the  head  of  the  malleus,  overlies  the  scooped  tract  that  gives  off  the 
blunt  “posterior,”  [p.ag.),  and  long  foreturned  “internal  angular  process”  [manubrium 
mallei,  m.ml.) ;  this  latter  part  is  slender,  pinched  in  the  middle  and  pointed  at  its  end. 
The  main  shaft  or  Meckel’s  cartilage  [mk.)  is  pinched  on  its  inner  face  proximally  and 
then  runs  its  course,  gently  arching  downwards,  and  thickening  in  the  middle  as  a 
strong  terete  rod.  Where  it  joins  its  fellow,  there  a  small  basal  rod  ( b.mn .)  is  given 
off  which  lies  in  the  symphysis  of  the  superficial  rami.  The  outside  part  ( d .)  has 
already  been  described  as  seen  from  its  outer  side  (Plate  8,  fig.  3)  ;  here,  in  front  of 
the  dentary  canal,  a  flange  of  bone  is  given  off  from  the  alveolar  wall,  which  overlies 
Meckel’s  cartilage  ;  this  tract  is  the  continuous  counterpart  of  the  distinct  splenial 
and  coronoid  of  the  Ovipara. 

The  stapes  (Plate  9,  fig.  9,  st.)  or  topmost  segment  of  the  hyoid  arch  is  shown  as 
dissected  away  with  the  double  mandible  ;  its  oval  proximal  head  is  seen  sideways 
as  a  thick  rim  to  this  short  flat  rod.  The  length  of  the  rod  (not  a  stapes  but  a 
“columella”)  is  equal  to  the  breadth  of  this  proximal  plate;  its  hind  margin  is 
concave,  and  its  front  convex.  There  is  a  short  distal  neck,  with  a  circular  flat  head, 
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for  articulation  with  the  incus,  and  in  the  tendon  of  origin  of  the  stapedius  muscle 
(. st.m .)  there  is  a  round  “  interhyal  ”  (infrastapedial)  nucleus  of  cartilage  ( i.hy .). 

Besides  the  superficial  dentary  bone  (d.),  with  its  splenial  and  coronoid  tract,  there 
is  only  one  other  osseous  centre  shown  in  this  figure  ;  that  is  the  first  rudiment  of 
the  malleus  (ml.) — as  a  bone — and  it  is  the  liomologue  of  the  “ articulare  externum” 
of  the  Ovipara. 

Skull  of  an  embryo  of  Bradypus  (Arctopithecus) - ?  sp.  (5  inches  long). — Second  Stage. 

We  must  in  these  comparisons  keep  in  view  the  fact  that  we  are  dealing  with 
modifications  of  growth  in  the  individual,  and  also  with  specific,  and  even  generic 
differences  ;  these  latter  are  not  very  great,  and  can  easily  be  allowed  for. 

This  skull  of  an  embryo,  almost  twice  as  advanced  as  the  last,  looks  more  embryonic 
than  it,  for  the  face  is  shorter,  and  the  cranium  swells  up  above,  giving  it  an  almost 
Simian  character  (Plate  8,  figs.  5  and  6). 

The  lower  view  (Plate  8,  fig.  5)  is  curiously  like,  and  yet  in  several  things  unlike, 
that  of  the  earlier  embryo  of  the  Unau  (Plate  8,  fig.  1).  The  nostrils  and  alinasal 
region  (e.n.,  cd.n.)  are  quite  similar  in  both,  but  behind  them  the  premaxillaries  (p: r.) 
are  smaller,  but  have  longer  palatine  processes.  The  anterior  palatine  foramina, 
exposing  the  openings  of  Jacobson’s  organs  (j.o.),  are  better  enclosed  as  two  lanceo¬ 
late  spaces,  for  the  maxillaries  (mx.)  have  closed  in,  in  front,  and  bind  on  both  the 
palatine  processes  behind,  and  the  feeble  dentary  tract  of  the  premaxillaries. 

The  hard  palate  is  not  a  squared  oblong  tract  here,  but  is  elegantly  urceolate,  for 
the  fore  half  forms  an  outline  of  more  than  half  a  regular  ellipse*  then  it  narrows 
gently,  and  then  widens  again,  to  grow  out  into  handles  or  horns,  where  the  palatine 
bones  (pa.)  take  their  part  in  its  formation. 

The  whole  maxillary  region  is  well  flattened  out ;  a  pair  of  middle  palatine  foramina 
end  the  submedian  grooves,  which  bend  outwards  near  their  fore  end.  One-fourth 
further  back  the  palatine  plates  are  cut  away,  in  a  semi-oval  manner,  to  make  room  for 
two  wedges  of  bone,  the  fore  part  of  the  palatines.  The  rounded  end  of  the  alveolar 
tract  of  each  maxillary  rests  against  the  thick  outer  part  of  the  palatine,  and  the 
sockets,  with  their  teeth,  scarcely  enlarge  from  the  fifth,  forwards,  to  the  third  ;  the 
second  is  the  largest  tooth,  and  swells  the  bone  out  there  to  its  greatest  convexity. 
The  first  tooth  is  less  than  a  fourth  the  sixe  of  the  second,  and  lies  midway  between 
it  and  the  front  convergence  of  the  bone. 

Outside  the  second  and  third  teeth  the  maxillary  enlarges  outwards,  so  as  to  hide 
the  infraorbital  foramen  in  this  aspect ;  this  squarish  outgrowth  gives  a  horned 
appearance  to  this  part  of  the  skull,  so  viewed.  The  hind  part  of  this  tract  articu¬ 
lates  with  the  jugal  (j.),  being  rugged  where  that  bone  fits  in,  and  then  there  is  a 
rounded  notch  between  this  short  jugal  process,  and  the  outer  alveolar  wall.  Each 
large  jugal  (y.)  stretches  outwards  and  backwards  to  its  free  but  notched  end;  the 
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right  is  larger  than  the  left.  Longitudinally,  in  the  hard  palate,  the  palatines  (pa.) 
are  half  as  long  as  the  maxillaries,  but  their  semicircular  hind  margin  is  but  a  short 
distance  from  the  end  of  the  alveolar  tract  of  the  maxillary.  The  thick  outer  part, 
forming  a  wall  to  the  naso-palatine  passage,  projects  outwards,  and  is  notched  behind 
for  articulation  with  the  pterygoid  (pg.).  The  upper  transverse  flange  of  the  palatine, 
which  articulates  with  the  presphenoidal  cartilage  (p.s.),  is  followed  by  a  similar  plate, 
belonging  to  the  pterygoid,  which  binds  upon  the  bony  basisphenoid.  The  descend¬ 
ing  part  of  the  pterygoid  is  nearly  parallel  with  its  fellow  ;  die  two  continue  the 
naso-palatine  wall,  but  are  not  so  solid — in  this  species — as  the  corresponding  tract  of 
the  palatines  ;  the  hook  or  “  hamular  process”  is  blunt,  free,  and  capped  with  hyaline 
cartilage. 

Through  the  badly-enclosed  orbital  space  the  orbital  plate  of  the  frontal  can  be 
seen,  but  much  less  than  in  the  Unau  embryo  (Plate  8,  fig.  1).  Outside,  the  large 
squamosals  ( sq .)  flank  the  greater  part  of  the  hind  skull ;  they  have  a  considerable 
temporal  tract  binding  on  the  alisphenoids  (al.sf  outside  which  there  is  a  large 
glenoid  facet  (gif),  protected  externally  by  a  thickish  zygomatic  process,  which  projects 
forwards  more,  and  is  sharper  than  that  of  the  other  kind  (Plate  8,  fig.  l).  Behind 
the  glenoid  region  the  squamosal  bulges  outwrards,  greatly  increasing  the  strength  of 
the  auditory  region  ;  it  reaches,  behind,  to  a  point  over  the  stylomastoid  foramen 
(VII.).  Abutting  against  this  posterior  tract  of  the  squamosal  are  seen  the  two  back- 
wardly-turned  horns  of  the  large  annulus  tympanicus  (a.ly.),  a  bone  which,  even  now, 
is  a  broadish  shell,  with  a  dentated  inner  margin.  Both  really  and  relatively,  these 
“  rings  ”  are  much  larger  than  in  the  other  kind ;  in  both  they  are  large,  relatively  to 
the  size  of  the  skull ;  but  in  this  kind  they  cover  the  cochlea  (chi.)  much  better. 
Much  of  the  endocranium  is  visible  in  this  aspect.  In  the  fundus  of  the  orbit  the 
unossified  top  of  the  orbitosphenoid  and  the  optic  nerve  (o.s.,  II.)  are  shown,  then 
the  sphenoidal  fissure  (V1, 2.),  followed  by  the  large,  thick,  ossified  alisphenoid,  notched, 
above,  for  the  third  branch  of  the  5th  nerve  (V3.).  In  the  middle,  the  broad  basisphe¬ 
noid  (b.s.),  notched  in  front  and  concave  behind,  lies  behind  a  tract  of  cartilage,  which 
narrows  forwards  ;  this  is  the  presphenoid  (p.s.).  The  synchondrosis  is  less  than  half 
the  extent  of  the  basisphenoid  ;  then  comes  the  basioccipital  (b.o.),  one-third  larger 
than  that  bone,  imperfect  in  front,  and  alate  and  sub- triangular  behind.  The  apex  of 
the  triangle  is  notched,  for  there  the  bone  forms  a  small  part  of  the  outline  of  the 
foramen  magnum  ( f.m .).  The  rest  of  the  occipital  arch  is  but  little  seen  in  this 
aspect  ;  but  the  large  condyles  ( oc.c .),  the  postauditory  and  condyloid  foramina  (IX., 
X.,  XII.),  the  interspace  of  cartilage  between  the  basioccipital  and  the  exoccipitals 
(b.o.,  e.o.),  as  large  as  these  centres,  right  and  left,  and  the  edge  of  the  supraoccipital 
cartilage  (s.o.),  behind  the  foramen  magnum,  are  clearly  shown. 

A  widish  crescentic  tract  of  cartilage,  the  inner  face  of  the  cochlea  (chi.),  is  seen 
inside  each  “  annulus ;  ”  and,  opposite  the  fore  end  of  the  basioccipital,  the  Eustachian 
opening  (eu.),  a  lipped,  crescentic  slit  in  the  inner  and  front  face  of  the  tympanic 
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cavity,  is  also  shown.  Meckel’s  cartilage  (mJc.)  is  cut  off  where  it  is  ready  to  enter 
the  Glaserian  fissure,  and  obliquely  across  the  membrana  tympani  the  manubrium 
mallei  (m.ml. )  runs  inwards  and  forwards,  stretching  the  drum  parchment. 

The  side  view  (Plate  6,  fig.  6)  shows  a  skull  still  more  in  contrast  with  that  of  the 
long-faced  Edentata  than  that  of  the  Unau  (fig.  3).  The  simian  shortness  of  the 
face,  as  compared  with  the  bulk  of  the  swelling  skull,  is  very  noteworthy  ;  for  the  Ai 
has  gone  off  on  one  way,  as  far  as  the  Ant-bear  on  another.* 

The  small  snout,  with  its  rounded  lateral  external  nostril  (e.n.),  surrounded  by  a 
valvular  growth,  is  followed,  in  this  view,  by  the  maxillary  below,  and  the  nasal  above 
(mx.,  n.),  for  the  premaxillary  is  too  small  to  be  seen  laterally. 

The  short  broad  nasals  (n.)  just  overlie  the  facial  plate  of  the  short  but  broad 
maxillary  (mx.)  ;  at  the  postero-superior  angle,  however,  the  frontal  ( f )  comes  in,  and 
below  its  angle  the  lacrymal  (l.)  lies  in  a  notch  on  the  maxillary ;  it  is  a  small  seed¬ 
like  bone  perforated  on  its  most  projecting  part  ( l.c .).  A  little  below  the  lacrymal, 
another  notch  in  the  hind  margin  of  the  maxillary  receives  the  large  falcate  jugal,  which 
forms  the  lower  margin  of  the  orbit.  This  bone  sends  downwards  a  spur  behind  its 
middle,  where  it  broadens  considerably ;  the  free  hind  part  ends  opposite  the  lower 
angle  of  the  parietal  (y>.).  The  bone  on  the  right  side  (fig.  7)  is  larger  than  that  on 
the  left  (fig.  6),  and  has  a  deeper  and  wider  descending  process  ;  its  postero-superior 
part  is  also  notched  in  a  shallow  manner.  Even  on  this  side  the  descending  process 
is  not  equal  to  that  of  the  embryo  Unau  (fig.  3,  j.). 

Measured  along  the  lower  border,  the  frontal  is  found  to  be  one-fourth  shorter 
than  the  parietal  (f,  p.),  but  the  depth  of  the  frontal  exceeds  that  of  the  parietal  on 
account  of  the  large  size  of  its  concave  orbital  plate.  The  upper  fontanelle  is  not 
quite  covered,  the  lateral  membranous  space  seen  in  the  embryo  Unau  (fig.  3)  is  in  this 
covered  by  the  meeting  together  of  the  frontal,  parietal,  and  squamosal  (sq.). 

The  large  roof-bones  are  very  convex  above,  their  suture — ’the  coronal — is  sinuous, 
the  frontal  margin  being  convex  above  and  below  and  concave  in  the  middle,  and  the 
parietal  the  contrary  to  this.  The  squamosal,  beginning  even  now  to  form  its  large 
air-cavity,  forms  a  roughly  oval,  convex  shell  of  bone.  It  has  a  stout  zygomatic 
process,  behind  and  within  which  is  the  glenoid  facet  (gif ,  see  also  fig.  5)  ;  the 
cranial  plate  runs  further  forwards  than  the  zygomatic  spur,  which  latter  part  is 
some  distance  from  the  end  of  the  jugal. 

The  upper  margin  of  the  squamosal,  in  the  large  open  temporal  fossa,  is  convex,  the 
lower  is  sinuous,  dips  downwards,  and  is  somewhat  notched,  behind,  where  it  overlaps 

*  If  Nature,  who  “  innovateth  gently,”  can  show  us  such  results  as  these — can  in  process  of  time  grow 
the  Ai  and  the  Ant-bear  from  one  common  “  root-stock  ” — we  need  have  no  misgivings  about  the  diver¬ 
gence  of  any  primary  radical  type,  whatever.  As  to  sudden  variations  w'hich  may  develop  into  important 
modifications,  divaricating  this  way  or  that,  I  shall  be  able,  when  I  come  to  the  Insectivora,  to  show 
polymorphic  types  that  suggest  possibilities  of  all  sorts. 
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the  opisthotic  region  (op.).  An  oblique  view  is  had,  also,  of  the  annulus  tympanicus 
(a. ty.)  with  its  related  parts. 

The  mandible  (fig.  6)  is  shorter  and  stouter  than  in  the  embryo  Unau  (fig.  3), 
the  coronoid  process  (cv.p.)  is  not  so  sharply  divided  from  the  articular  or  condyloid 
process  (cd.p.),  and  the  angular  (ag.p.)  is  much  deeper,  further  forwards,  and  has  a 
larger  crescentic  notch  between  it  and  the  condyloid  part ;  the  middle  of  these  pro¬ 
cesses,  only,  is  still  capped  with  cartilage. 

Of  the  parts  of  the  endocranium  to  be  seen  in  this  view,  the  snout  (al.n.)  has  already 
been  described.  Inside  the  orbit,  the  orbitosphenoid  ( o.s .)  is  partly  seen,  with  the 
optic  nerve  (II.)  emerging  ;  the  upper  border  of  this  plate  is  indicated  by  dots  along  the 
orbital  plate  of  the  frontal.  Meckel’s  cartilage  and  the  manubrium  of  the  malleus 
(mk.)  are  seen,  and  behind  the  large  investing  bones  the  massive  occipital  arch. 
The  large  supraoccipital  (s.o.)  looks  like  a  continuation  of  the  roof  plates  ;  below  it,  the 
tract  of  cartilage  is  large,  for  the  esoccipitals  ( e.o .)  are  small  at  present,  they  are 
creeping  round  the  outside  of  the  projecting  condyles  ( oc.c .).  Where  the  epihyal 
passes  off  from  the  opisthotic  region  (op.)  there  some  bony  deposit  has  begun  ;  then 
the  bar  suddenly  lessens  and  ossifies  as  the  ceratohyal  (c.hy.),  which  is  short,  one- 
jointed,  and  is  articulated  to  a  shortish,  thick,  unciform  hypohyal  ( h.hy ).  That 
segment  is  attached  by  its  narrow  distal  end  to  the  front  of  the  U-shaped  unossified 
basal  pair  ;  the  thyrohyals  ( t.hy .)  are  mere  spurs,  the  crura,  of  the  U-shaped  piece,  as 
in  the  Unau. 

The  end  view  of  the  skull  (Plate  13,  fig.  10)  is  much  like  that  of  the  younger 
embryo  of  the  Unau  (Plate  8,  fig.  4),  and  as  in  the  latter  the  ossification  is  nearly  as 
far  advanced  as  in  this  much  older  embryo,  it  follows  that  the  ossification  is  more 
rapid  and  intense  in  the  other  kind — the  Unau. 

Signs  of  median  subdivision  are  still  evident  in  this  large,  roughly  semicircular 
centre  (s.o.),  which  has  thoroughly  ossified  all  the  upper  part  of  the  large  occipital  plane. 
The  lower  angles  are  cut  away,  as  it  were,  the  shortened  outline  then  running  inwards 
and  downwards  ;  thence  the  lower  outline,  sharply  marked  off  from  the  cartilage,  has  a 
small  median  and  two  large  lateral  concavities.  Here  the  foramen  magnum  ( fm .)  is 
pyriform,  the  narrow  part  being  above;  the  condyles  (oc.c.)  project  well,  and  are 
flanked  by  the  small  exoccipitals  ( e.o .)  ;  a  very  small  tract  of  the  basioccipital  (b.o.)  is 
seen  in  the  fore  margin  of  the  great  opening.  The  epihyals  ( e.hy .),  as  they  pass 
inwards  and  forwards,  cover  part  of  the  shallow  and  narrow  paroccipital  region  ; 
above,  and  outside  them,  the  opisthotic  region  (p.s.c.,  h.s.c.)  is  seen  from  behind. 
Covering  the  whole  top  and  sides  we  see  the  parietals  and  squamosals  (p.,  sq.). 

Part  of  a  vertical  section,  taken  left  of  the  great  septum  (Plate  8,  fig.  8,  p.e.), 
shows  this  wall  as  a  short  low  triangle,  shorter  than  in  the  Unau,  but  higher  (Plate 
1  5,  fig.  5.).  A  small  fenestra  (i.n.f.) — very  common  in  low  Eutheria — appears  near  the 
end  of  the  snout,  dividing  the  septum  nasi,  proper,  from  the  septum  of  the  snout,  where 
the  alinasal  tract  (al.n.)  ends  below;  thence  the  cartilage  grows  backwards  as  the 
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spatulate  recurrent  cartilage  ( rc.c .),  right  and  left ;  it  is  hollow  on  its  outside,  convex 
within,  and  hides  the  fore  part  of  the  short  median  vomer  (v.).  The  whole  septum 
( p.e .)  is  moderately  thick,  and  has  the  roof  ( al.sp .,  al.e.)  cut  away.  Behind,  the  outline 
of  the  septum  is  arched,  but  there  is  no  special  crista  galli.  Further  back,  and 
below,  the  presphenoidal  cartilage  ( p.s .)  passes  into  the  basisphenoidal  ( b.s .),  which 
is  ossified.  The  naso-palatine  canal  is  rather  deep,  and  is  divided  along  the  mid¬ 
line  for  some  extent  into  two  channels  by  the  vomer  (v.)  About  this  time  the  small 
hinder  lateral  vomer  appears  right  and  left  of  the  forks  of  the  vomer  :  it  was  not 
noticed  in  this  specimen.  Part  of  the  frontal,  nasal,  maxillary,  palatine,  and  pterygoid 
are  seen  in  this  view.  The  small  front  paired  vomers  (see  in  the  Unau,  Plate  15, 
fig.  5,  v.)  are  probably  already  fused  with  the  palatine  processes  of  the  premaxillaries. 
A  large  tract  of  the  other  half  of  this  vertical  section  (Plate  8,  fig.  9),  with  the  orbito¬ 
temporal  wall-bones — frontal,  parietal,  and  squamosal  (f,  p.,  sq.),  partly  drawn,  shows, 
also,  the  inside  of  the  nasal  labyrinth,  with  the  lower,  nasal,  middle,  and  upper  turbinal 
folds  ( i.tb .  line  wrong,  n.tb.,  m.tb.,  u.tb.).  The  orbitosphenoid  (0.5.)  has  lost  its  front 
and  hinder  fastening  bands  (see  Plate  15,  fig.  5),  but  it  is  still  much  larger  than  the 
alisphenoid  (above  b.s.),  its  angles,  from  which  the  bands  have  been  absorbed,  are 
rounded,  and  the  upper  margin  is  concave.  Less  than  the  antero-inferior  fourth  of 
this  tract  is  ossified,  and  this  centre  lies  in  front  of  the  optic  foramen  (II.),  which  is 
bounded  behind  by  a  very  narrow  tract  of  cartilage,  soon  to  be  absorbed !  The  lesser 
alisphenoid,  and  also  its  base  (b.s.),  is  quite  ossified  ;  it  is  a  roughish,  thick  bilobate 
wing  of  bone,  the  hinder  narrow  lobe  being  separated  from  the  broad  front  part  by 
a  deepish  notch,  under  which  is  a  small  foramen  ;  the  notch  is  the  beginning  of  the 
foramen  ovale  (V3.),  not  finished  on  its  outer  side  (see  the  Unau,  also  Plate  15,  fig.  5). 
The  internal  carotid  artery  enters  in  at  the  notch  between  the  alisphenoid  and  its 
base,  and  the  1st  and  2nd  branches  of  the  5th  nerve  (V1,  3.),  pass  out  of  the  sphenoidal 
fissure  between  the  two  “  alse ;  ”  afterwards  a  bar  of  bone  divides  the  passage  for  the 
second  branch  of  the  5th  nerve  from  the  sphenoidal  fissure,  thus  anticipating  the 
human  foramen  rotundum, — a  very  inconstant  passage  in  the  Mammalia,  generally. 
The  solidity  of  the  bones  at  this  part  is  shown  by  a  transverse  section  of  the  ali¬ 
sphenoid,  basisphenoid,  and  pterygoid  (Plate  13,  fig.  11,  al.s.,  b.s.,  p.g.). 

An  inner  vieiv  of  the  double  mandible  instructively  follows  that  already  described 
in  the  Unau  (Plate  9,  figs.  8  and  9).  Here  the  superficial  “ramus”  (fig.  8,  d.), 
shows  a  great  difference  between  the  two  types,  as  already  described ;  but  the 
endoskeletal  or  more  archaic  parts  are  not  so  much  unlike ;  part  of  the  difference  here, 
namely,  the  lessening  of  Meckel’s  cartilage  (mk),  and  the  ossification  of  the 
“ossicula,”  is  due  to  age.  The  splenio-coronoid  region  of  the  ramus  has  thrust 
Meckel’s  cartilage  down  to  the  lower  edge  of  the  mandible,  and  bent  it  into 
a  curiously  sinuous  rod.  The  basal  rod  ( b.mn .)  is  large  and  quite  perfect  yet. 
The  mallear  portion  (ml.)  has  a  less  lobular  head,  and  a  more  dilated  manubrium 
(m.ml.)  than  in  the  other  kind,  for  there  is  well  seen,  from  the  inner  side,  a  consider- 

1  2 


60 


MR.  W.  K.  PARKER  ON  THE  STRUCTURE  AND 


able  flange  or  crest  to  the  thick  lower  edge  of  this  “  internal  angular  process.”  The 
incus  ( i .)  and  the  stapes  ( st .)  are  much  alike  in  both  species;  the  latter  is  seen 
edgewise  in  this,  and  flat  in  the  other.  There  is  a  definite  cartilaginous  nucleus — the 
interhyal  ( iJiy .),  in  the  beginning  of  the  tendon  of  the  stapedius  muscle  ( st.m .).* 

Shull  of  young  Unau  (Cholopus  Hoffmanni),  8  inches  long.  —  Third  Stage. 

Taking  such  materials  as  come  to  hand,  I  now  get  a  third  stage  in  a  very  young 
Unau  of  the  species  that  has  only  six  cervical  vertebrae.  In  interpreting  the  adult 
skull  of  this  type,  this  stage  alone  is  of  great  importance,  the  ankylosis  of  that  massive 
skull  being  so  intense.! 

A  loiver  vieiv  (Plate  9,  fig.  1)  of  this  strongly  built  skull,  already  very  solid, 
shows,  in  front,  a  very  small  tract  of  the  snout,  with  its  lateral  openings  ( al.n .,  e.n.). 
Behind  it,  the  two  wings  of  bone,  meeting  in  front  at  a  very  obtuse  angle, 
are  the  edentulous  dentary  regions  of  the  premaxillaries  (pee.) ;  they  are  quite 
inferior  (see  fig.  3)  in  position.  They  slightly  overlap  the  maxillaries  (nix.),  and  close 
to  the  mid -line  send  backwards  a  small  slyloid  palatine  process;  between  the  two 
there  is  a  rounded  notch,  and  this  forms  the  front  border  of  the  anterior  palatine 
foramen,  with  the  aperture  of  Jacobson’s  organ  (j.o.)  seen  in  it;  each  maxillary  is 
cut  away,  as  it  were,  obliquely,  to  form  the  hind  margin  of  this  space  ;  the  two 
foramina  open  into  each  other,  behind. 

The  whole  of  the  bony  palate,  solid  from  side  to  side  in  the  first  three-fifths,  and 
then  strongly  enclosed,  right  and  left,  but  exposing  a  spatulate  tract  of  the  endocranial 
base,  is  a  most  remarkable  architectural  growth.  The  huge  first  tooth — a  doubtful 
“  canine  ” — is  fixed  in  a  large  swelling  socket ;  thus  this  part  of  the  face  and  palate  is 
greatly  widened.  There  is  then  a  rounded  interspace,  large  enough  for  another  tooth 
equal  to  those  that  follow  ;  there  are  four  of  these,  the  second  is  the  largest,  and  the 
last  the  smallest  of  the  series.  These  curious  mammillate  teeth,  resembling  the 
degenerate  teeth  of  the  Walrus,  but  devoid  of  enamel,  make  their  outer  alveolar  wall 
sinuous;  it  draws  in,  backwards.  The  alveolar  “flange”  in  the  hard  palate  is  one - 
third  wider  than  the  submesial  part  of  each  bony  plate  ;  the  ragged  groove,  right  and 
left,  is  nearly  straight,  and  the  two  are  almost  parallel. 

The  zygomatic  process  of  the  maxillary,  opposite  the  second  tooth,  projects  further 
outwards  than  the  socket  of  the  first,  an  oblique  suture  with  few  “  teeth  ”  is  seen 
running  backwards  and  inwards,  between  this  process  and  the  jugal  bone  (j.).  The 
palatines  (pa.)  scarcely  form  a  tenth  part  of  the  hard  palate  ;  they  run  in,  behind 

*  If  these  two  mandibles,  belonging  to  such  closely  related  types,  be  compared  with  those  of  the 
Dasypodidas,  already  described,  and  with  that  of  the  lesser  Ant-eater  (Plate  10),  and  of  its  huge  relative 
the  Ant-bear,  then  the  most  easy  passage  is  seen  from  type  to  type ;  during  growth,  the  mandibles  of 
the  two  sorts  of  Sloth  approximate  very  considerably  (see  Plate  9,  figs.  3,  8,  and  9). 

f  I  owe  this  specimen,  and  many  others,  to  my  lamented  friend,  Mr.  W.  A.  Fokbes. 


DEVELOPMENT  OF  THE  SKULL  IN  THE  MAMMALIA. 


61 


and  between  the  palatine  plates  of  the  maxillaries,  which  together  have  a  convex 
margin  outside  and  a  concave  margin  at  the  middle,  answering  to  the  curved  line  of 
the  fore  edge  of  the  palatines.  The  notch  bounding  the  naso-palatine  canal — as  seen  in 
the  skull — is  rounded,  but  each  palatine  projects  a  little  where  it  meets  its  fellow. 
Outside,  the  palatines  do  not  form  a  third  of  the  wall,  which  is  finished  by  the 
pterygoids  (pg.)  ;  both  of  these  bones  are  dilated  into  a  subcranial  flange  above. 
The  pterygoids  look  like  short  clubs  ;  they  are,  in  reality,  rough  shells  of  bone,  and 
open  in  front  into  the  naso-palatine  canal.  Being  so  large,  they  hide  much  of  the 
alisphenoids,  which  are  clamped  by  them  up  to  their  antero-inferior  margin,  and  are, 
themselves,  notched  to  let  the  3rd  branch  of  the  5th  nerve  (V3.)  pass  out  of  the  foramen 
ovale.  Behind  that  passage  they  unite  by  suture  with  the  squamosal,  inside  and  in  front 
of  the  glenoid  facet  ( gl.f ).  Along  this  line  of  junction  with  the  squamosals  the 
pterygoids  are  grooved;  inside  that  groove  they  swell  into  a  large  bilobate  mass,  which 
reaches  further  backwards  than  the  fore  edge  of  the  basioccipital  ( b.o .),  close  in  front 
of  the  Eustachian  openings  ( eu .). 

Outside  the  hard  palate,  in  the  distance,  wre  see  the  orbital  plates  of  the  frontals 
(/),  and  nearer  the  eye,  the  jugals  (j.).  These  latter  bones  are  large  shells,  convex 
infero- externally,  and  concave  above  ;  the  infei'ior  margin  is  cut  away  in  its  hinder 
two-fifths,  and  ends  as  a  free  rounded  lobe  some  distance  in  front  of  the  aborted  jugal 
process  of  the  squamosal  (sq.)  ;  the  rigid  jugal  reaches  much  further  backwards  than 
the  left.  This  want  of  facial  symmetry  1  have  already  described  in  the  Ai,  also 
(Plate  8,  figs.  6,  7,j.).  The  great  extension  of  the  squamosals,  fore  and  aft,  is  seen  in 
this  figure,  as  well  as  in  the  side  view  (fig.  3.) ;  for  these  bones  bulge  forwards,  under 
the  parietals,  close  to  the  back  of  the  orbit.  Hence  a  considerable  tract  of  each  bone 
is  seen  inside  in  front  of  the  large  uncinate,  reniform  glenoid  facet  {gif-),  wdth  its 
protecting  stump  of  a  zygomatic  process.  Binding  obliquely  against  the  side  of 
the  hinder  half  of  the  skull,  each  bone  forms  an  eave  over  the  tegmen  tympani, 
between  which  and  the  top  of  the  ear-drum  there  is  a  large  fissure,  the  postglenoid 
passage  into  the  pneumatic  cavity  of  the  bone  (see  also  fig.  3,  sq.).  The  imperfect 
annulus  ( a.ty .)  surrounding  the  exposed  drum-membrane  is  fastened,  like  a  horse-shoe, 
under  this  eave  of  the  temporal  bone  ;  it  is  less  developed  than  in  the  Ai,  but  is  a  strong 
bone  notwithstanding.* 

Outside  the  palatine,  the  exposed  part  of  the  orbitosphenoid  ( o.s .)  can  be  seen  with 
the  optic  nerve  (II.)  emerging.  Then  the  alisphenoid,  with  its  special  Mammalian 
out-thrust  is  seen  behind  the  orbital  wing  and  the  sphenoidal  fissure  (V1.)  ;  close  to  the 
edge,  the  foramen  rotundum  (V3.)  can  be  seen.  Then  this  thick  outstanding  wing 

*  Many  and  most  instructive  parts  of  the  endocranium  come  into  view  here,  and  this  skull,  so  like 
that  of  the  extinct  Megatkeroids  (see  Reinhardt,  op.  cit.),  can  be  seen  to  have  a  most  remarkable  con¬ 
formity  with  that  of  the  great  Ant-eater — the ’little  Oycloturus  serving  as  an  interpreter  between  these 
two  skulls,  whose  outward  form  is  so  dissimilar.  No  one,  however,  who  is  familiar  with  the  structure  of 
Birds — especially  the  Ratitai,  and  the  Carinate  Gralke — will  be  surprised  at  this. 
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binds  down  upon  the  fore  part  of  the  squamosal,  and  its  oval  hole  (V3.)  can  be  seen,, 
where  the  pterygoid  also  underlies  the  alisphenoid.  Between  the  palatines  and 
pterygoids  the  basal  parts  of  the  two  sphenoids  are  shown.  At  their  base  the  orbito- 
sphenoids  (o  s.)  are  fast  meeting  each  other,  presenting  each  to  each  a  convex  edge  ; 
there  is  no  bony  presphenoid.  The  interspace  of  cartilage  here  enlarges  into  a 
roundish  tract,  bounded,  behind,  by  the  basisphenoid  ( b,s .),  the  descending  ribbed 
margins  of  which  touch  the  orbitosphenoidal  bones  by  their  fore  ends.  The  suture 
between  the  alisphenoids  and  their  basal  piece  can  be  seen  outside  these  crests. 

From  the  presphenoidal  cartilage  ( p.s .)  to  the  foramen  magnum  (fm.)  the  basis 
cranii  is  scooped,  or  concave,  and  widens,  gradually,  to  the  end.  The  basisphenoid 
( b.s .)  is  one-third  longer  than  wide,  and  is  notched  in  a  rounded  manner  at  both  ends. 
The  cartilage  between  it  and  the  basioccipital  (&,<?,)  is  a  transversely  oval  tract,  and 
the  two  bones  nearly  touch  by  their  outer  margins.  The  rudimentary  crests  growing 
down  from  the  edges  of  the  basisphenoid  are  the  homologues  of  the  wings,  so  familiar  to 
us  in  the  Insectivora,  that  assist  in  the  formation  of  the  ear-drum.  The  much  larger, 
thick,  diverging  ridges  that  grow  from  the  edges  of  the  basioccipital,  are  the  exact 
counterparts  of  the  ridges  to  which  the  elongated  pterygoids  are  attached  in  the 
Ant-eaters  (see  in  Cycloturus,  Plate  10).  Here  the  shortness  of  the  palatines,  and  the 
arrest  of  the  dilated  pterygoids  in  front  of  the  basioccipital,  makes  all  the  real 
difference  there  is  in  these  parts  between  this  Sloth  and  an  Ant-eater  ( Myrmecophciga , 
Cycloturus ),  These  outgrowths  of  the  basioccipital  of  the  Unau  might  have  served 
the  same  purpose  as  the  tympannic  wings  of  the  basioccipital  in  the  Insectivora,  or 
the  alisphenoidal  outgrowths  in  the  Marsupial.*  Here  they  serve  no  auditory  purpose, 
but  are  used  as  strong  points  of  attachment  to  muscular  bands.  Narrowing,  again, 
from  the  ends  of  these  ribbed  edges,  the  basioccipital  runs  now  nearly  to  the  convex 
condyles  (oc.c.),  and  has  a  deeply  emarginate  hind  margin  against  the  foramen 
magnum  (fm.).  In  front  of  the  reniform  condyle  there  is  an  oval  mass  of  carti¬ 
lage,  and  beyond  it  the  exoccipital,  pierced  by  the  12th  nerve  (XII.),  and  forming  a 
low  paroccipital  ridge  ( p.oc .)  against  the  auditory  capsule,  As  the  occipital  plane 
leans  forward,  above,  the  supraoccipital  ( s.o .)  is  only  seen  at  its  lower  edge,  bounding 
the  foramen  magnum,  behind.  Bight  and  left  of  the  basioccipital  the  auditory  capsule 
is  seen  here  and  there,  hidden  largely  by  the  drum-ring  and  membrane.  Here  the 
ossified  manubrium  (m.ml.)  is  seen,  and  opposite  it  is  found  the  long-lipped  Eustachian 
opening  (eu.).  The  opisothotic  region  (op.)  is  seen  outside  the  paroccipital,  and 
running  from,  and  through  it,  the  epihyal,  and  facial  nerve  ( e.hy .,  VII.). 

The  upper  view  (Plate  9,  fig.  2)  shows  a  strong,  smooth,  oval  roof,  composed  mainly 
of  three  pairs  of  bones  that  lessen,  forwards  :  these  are  the  nasals,  frontals,  and 
parietals  (n.,f.,p.).  Together,  the  nasals  have  somewhat  of  an  hour-glass  shape,  but 
they  are  pointed  in  front  and  spread  out  behind,  at  their  frontal  suture.  The 

*  The  root  of  the  “tympanic  wing”  in  the  Marsupial  is  a  direct  outgrowth  of  the  alisphenoid  ;  the 
hinder  part  is  the  “ os  bullae,”  anclrylosed  to  that  root. 
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frontals  begin  wider  than  the  nasals  at  the  suture,  and  then  are  cut  away  gently  in 
an  arcuate  manner  over  the  orbits.  This  crescentic  rim  is  rounded,  and  beyond  it 
there  is,  towards  the  frontal  suture,  a  gentle  crescentic  hollowing  of  the  surface.  The 
postorbital  process  is  rounded  and  short,  and  the  last  third  of  the  bone  behind  it 
widens  up  to  the  parietal.  Longer  than  the  nasal  suture,  the  frontal  and  saggital 
sutures  are  nearly  equal,  and  the  wide  swelling  parietals  (p.)  gently  dip  towards  the 
temporal  and  supraoccipital  regions.  In  the  latter  place,  from  above,  the  endoskeletal 
keystone  of  the  back  skull  ( s.o .),  is  just  seen  as  a  transversely  spindle-shaped  tract. 
Laterally,  the  squamosals  (sq.)  can  just  be  seen  flanking  the  parietals. 

In  front  the  alinasal  porches  ( al.n .)  can  be  seen,  more  than  from  below  ;  and,  in  the 
distance,  the  top  of  the  dentary  region  of  the  premaxillaries  (px.)  comes  into  view. 
But  behind,  and  outside  these  parts,  the  maxillaries  and  nasals  (mx.,  n.)  meet  with  no 
premaxillary  process  intervening  ;  thus  there  is  a  deep  triangular  notch  right  and 
left.  Outside  that  notch  is  the  swelling  first  tooth-socket,  then  a  deep  rounded 
indentation,  and  then  a  hinder  swelling  of  the  maxillary,  where  it  binds  upon  the 
small  burrowmd  lacrymal  ( l .,  l.c.)  ;  these  strong  round  knuckles  of  the  maxillaries  give 
the  skull  a  remarkable  form.  Behind  these  parts,  in  the  distance,  the  jugals  (j.)  show 
their  scooped  upper  or  suborbital  face,  with  their  thickened  outer  edge. 

The  side  view  (Plate  10,  fig.  3)  shows  many  parts  with  their  relations  not  well  seen 
in  the  other  aspects.  The  circular  narial  cartilage  and  hole  (al.n.,  e.n.)  is  seen  in  front  of 
the  recess  caused  by  the  suppression  of  the  facial  process  of  the  premaxillary  (px.),  which 
is  just  seen,  below.  The  nasals  are  seen,  now,  to  be,  not  one-fourth  shorter  than  the 
frontals  (fig.  2,  n.,f ),  but  only  one-seventh  ;  the  outer  and  hinder  lobe  of  the  bone, 
also,  shows  well,  wedging  in  between  the  frontal  and  maxillary,  over  the  lacrymal  (/.) 
of  which  we  have  got,  here,  the  best  view.  It  is  not  so  small  as  the  other  aspects 
suggest,  but  has  a  good  oblong  facial  tract,  thus  forming  a  thick  perforated  rim  to  the 
orbit,  and  it  runs  inwards  as  a  small  antorbital  plate.  Then,  the  maxillary  (mx.) 
below,  also,  takes  a  good  piece  from  the  fore  edge  of  the  scooped  orbital  plate  of  the 
frontal  by  running  up  inside  the  fore  rim,  and  joining  the  small  antorbital  plate  of 
the  lacrymal.  This  tract  appears  to  me  to  be  a  very  unusual  antorbital  growth  of 
the  maxillary,  preventing  any  appearance  of  the  lateral  ethmoid  as  a  “  pars  plana.” 

The  outer  part  of  the  maxillary  is  a  large  high  plate,  worked  well  in  to  the  lateral  notch 
of  the  nasal,  and  carrying  on  its  scooped  descending  hind  edge  the  lacrymal  and  jugal. 
Its  last  tooth-socket  and  tooth  can  be  seen,  here,  inside  the  notched  jugal ;  three  more 
teeth  are  seen,  in  their  convex  sockets,  and  then  a  gap  before  we  come  to  the  swelling 
socket  of  the  large  tusk.  About  two-thirds  of  the  orbit  is  rimmed  with  bone,  and 
the  lower  half  of  the  rim  is  formed  by  the  free-ended  notched  jugal  (j.).  Over  its 
margin  is  seen  the  orbital  plate  of  the  frontal,  under  the  short  thick  supraorbital  eave  ; 
it  is  notched  twice,  below,  and  the  ophthalmic  nerve  (V1.)  takes  its  remarkable  course 
under  the  front  notch,  below  which  some  unossified  orbitosphenoid  (o..s.)  is  still  to 
be  seen.  Under  and  in  the  other  notch  that  plate  is  ossified,  and  deep  in,  under  the 
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jugal,  the  optic  hole  (II.)  can  be  seen.  The  temporal  region  of  the  frontal  is  gently 
marked  off  from  the  orbital,  and  here  a  large  triradiate  suture  can  be  seen  ;  it  is  formed 
by  the  squamosal  running  backwards  and  forwards  from  the  coronal  suture ;  both  of 
these  are  very  long  seams. 

The  coronal  suture  runs  downwards  and  forwards,  and  the  squamosal  backwards 
and  downwards  ;  these  plates  of  bone,  thus  stitched  together,  swell  towards  the 
temporal  space  and  muscle,  and  that  space  is  but  little  enclosed,  outwards,  by  the 
stunted  zygomatic  process  of  the  squamosal.  Over  those  parts  the  parietal  forms 
a  larger  front,  and  a  lesser  hind,  convexity,  and  ends  against  the  supraoccipital  in 
a  straightish  line — half  the  lambdoidal  suture  (see  fig.  4).  The  squamosal  is  two- 
thirds  the  size  of  the  parietal  ;  it  is  a  roughly  oval  plate,  narrowing  backwards. 

Before  and  behind  its  edge  is  fretted  away,  or  toothed,  below  ;  between  its  ends 
the  bone  grows  outwards,  swelling  behind  into  an  air-cavity  of  unusual  size,  in  front 
it  grows  out  into  the  condyle  and  small  zygomatic  spur  ( gl.f. ). 

Under  the  notched  fore  edge  we  see  the  alisphenoid  standing  out  from  the 
orbitosphenoid,  and  between  the  two  sphenoidal  fissure  (V1.).  Close  under  and 
behind  this  notch  the  enclosed  foramen  rotundum  (V2.)  is  seen,  and  peeping  out 
between  the  lower  edge  of  the  squamosal  and  the  upper  edge  of  the  pterygoid  (pg.) 
the  foramen  ovale  (V3.). 

Between  the  latter  rough,  hollow  bone,  and  the  last  tooth-socket  (m*.),  we  see  the 
edge  and  ascending  part  of  the  limited  palatine  ( pa .). 

The  annulus,  manubrium,  and  membrana  tympani  ( a.ty .,  m.ml.)  come  into  view 
under  the  postglenoid  part  of  the  squamosal,  and  under  its  hinder  toothed  part,  the 
opisthotic  region  (op.)  with  the  confluent  epiliyal  (e.hy.),  unossified,  and  under  and 
behind  the  junction,  the  facial  nerve  (VII.).  Just  the  edge  of  the  occipital  arch  with 
its  condyles  (. s.o .,  e.o.,  oc.c .)  are  seen  in  this  aspect. 

The  external  view  of  the  mandible  (fig.  3,  cl.)  shows  what  development  has  taken 
place  since  the  first  stage  (fig.  9,  cl.).  I  spoke  of  the  first  tooth  or  tusk  as  doubtfully 
canine ;  in  the  upper  jaw,  in  the  first  stage  (Plate  8,  fig.  1),  it  is  the  first  tooth,  but  in 
the  lower  jaw  there  is  one  in  front  of  the  rudimentary  lower  tusk — five  in  all ;  it  is 
very  small,  prematurely  developed,  and  early  lost  (see  Plate  9,  figs.  3  and  9).  Thus 
the  tusk,  at  most,  can  only  represent  the  first  premolar  of  the  normal  Mammalian 
dentition. 

The  coronoid  process  ( cr.p .)  is  now  separated  by  a  large  semicircular  notch  from  the 
condyle  (cd.p.),  and  that  by  a  shallow  notch  from  the  angular  ( ag.p .),  which  is  not 
very  deep  in  this  genus. 

The  fore  end  of  the  mandibles  is  narrow  (figs.  3  and  5)  and  the  sutural  symphysis 
of  a  considerable  extent ;  seen  from  below,  the  mandibles  are  as  curiously  swollen  to 
form  the  socket  of  the  tusk,  as  the  face  is  above ;  the  sockets  of  the  hinder  teeth  are 
directed  strongly  inwards.  Here  we  see  how  soon  the  dentition  affects  the  form  of  the 
mandible  (figs.  3  and  9),  and  the  loss  of  teeth,  is  taking  place,  here,  before  one’s  eyes. 
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The  end  vie iv  of  the  skull  (Plate  10,  fig.  4),  shows  the  strength  of'  the  wide  and 
high  occipital  arch.  The  foramen  magnum  (fan.,  see  also  fig.  1)  is  round  above, 
notched  below  or  in  front,  and  it  widens  out  over  the  condyles. 

The  supraoccipital  ( s.o .)  is  roughly  semicircular  and  extends,  without  an  “inter¬ 
parietal  ”  over  it,  from  the  well-arched  parietals  to  the  foramen  magnum.  A  hook¬ 
shaped  wedge  of  cartilage  still  separates  it  from  the  exoccipitals  (e.o.).  The  muscular 
impressions  in  the  main  piece  are  well  marked  ;  the  outer  and  lower  edge  of  the  bone 
is  flanked  by  the  squamosals  (■ sq .),  and  the  lowest  corner  is  pierced  by  a  vessel.  The  ex¬ 
occipitals  (e.o.)  are  roundish,  and  in  this  aspect  are  separated  by  a  considerable  band 
of  cartilage  from  the  opisthotic  bone  out  of  which  we  see  the  facial  nerve  (VII.)  pro¬ 
ceeding,  and  to  which  the  epihyal  (e.hy.)  has  grown.  Below,  the  annuli  ( a.ty .)  are  seen 
in  the  distance.  The  proper  or  anterior  condyloid  foramen  (fig.  1,  XII.)  must  be  seen 
from  below  ;  here,  the  posterior  condyloid  foramen  (p-cf.)  is  seen  outside  each  condyle. 

An  inner  view  of  the  ossicula  auditus,  removed,  and  freed  from  the  remains  of 
Meckel’s  cartilage  (fig.  6),  and  an  outer  view  (fig.  7)  of  those  parts  attached  to  the 
capsule,  and  with  the  tympanic  remnant  of  the  primary  bar,  show  some  very  instructive 
things. 

The  main  part  of  Meckel’s  cartilage  has  been  used  up — partly  ossified  and  lost  in 
the  ramus,  and  partly  absorbed.  The  head  of  the  malleus,  the  osseous  matter  of 
which  runs  forwards  as  the  styliform  “  processus  gracilis  ”  ( p.gr .),  has,  in  front  of  it, 
yet,  a  large  tract  of  the  primary  mandible.  This  thick  semiosseous  hook  (mk.)  curves 
itself,  after  it  becomes  detached  from  the  rest  of  the  main  bar,  round  the  front  of  the 
tympanic  cavity.  The  distal  third  is  still  unossified  ;  this  bony  tract  is,  essentially,  a 
second  “articulare  internum,”  such  as  is  seen  in  the  Holostean  Ganoids,  Lepidosteus 
and  Amia;  (see  Bridge  “On  the  Skull  of  Amia,”  Journ.  of  Anat.  and  Bhys., 
Vol.  11,  Plate  23),  and  the  writer’s  paper  “On  the  Development  of  the  Skull  in 
Lepidosteus,”  Phil.  Trans.,  1882. 

But  this  tract  has  a  greater  interest  for  the  morphologist  even  than  this,  for  such 
a  further  remnant  of  the  normal  mandible  is  often  present  in  adult  Marsupials  (see 
Doran,  ‘  Ossicula  Auditus,’  plate  64),  and  for  a  time — during  the  first  autumn — the 
Mole  has  a  similar  malleus,  as  I  shall  show  in  my  next  Part. 

More  than  that — in  a  similar  malleus  of  a  young  Koala  ( Phascolarctos  cinereus)  of 
the  same  size,  nearly,  as  this  young  Unau — I  find  two  smallish,  but  well-defined  mem¬ 
brane  bones  in  this  premalleal  tract ;  these  are  seen  at  once  to  be  the  same  as  the 
“  supra-angulare  ”  and  the  “  angulare  ”  of  the  Oviparous  types.  One  such  bone  is  seen 
in  this  case,  the  angulare  (Plate  9,  fig.  7,  ag.),  an  oblong  splint,  pointed  at  both  ends. 

When  this  temporary  mass  is  removed  (fig.  6)  then  the  processus  gracilis  (p.gr.)  is 
seen  to  be  no  larger  than  the  manubrium  (m.ml.)  and  parallel  with  it,  but  pointed  and 
grooved,  above,  instead  of  being  terete  like  that  process.  There  is  an  evident  elbow, 
or  posterior  angular  process  (p.ag.),  to  this  masked  and  arrested  proximal  end  of  the 
mandible.  The  lamina  uniting  the  manubrium  to  the  head  of  the  bone  is  thin  and 
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splintery,  and  hollow  on  the  inside  (fig.  G).  Over  this  plate  the  head  of  the  malleus 
grows  like  the  hood  of  the  Monkshood  flower,  a  remarkable  semioval  growth  of 
bone.  The  sinuous,  saddle-shaped  condyloid  facets  of  the  malleus  and  incus  form,  as 
the  figures  show,  a  very  strong  joint,  and  the  latter  bone  is  equal  in  size  to  the  head 
of  the  former. 

Both  the  crura  of  the  incus  are  short,  but  well  formed,  the  short  crus  ( s.c.i .)  has  an 
oval  facet  for  articulation  with  the  cupped  space  in  the  tegmen  tympani,  and  the 
long  crus  ( l.c.i .)  has  a  nearly  circular  and  flat  facet  for  the  head  of  the  stapes  (st.). 
This  latter  bone  is  shown  in  situ  from  the  outside  (fig.  7),  and,  detached  and  dislo¬ 
cated,  from  the  inside  (fig.  G).  The  little  nucleus  of  cartilage  representing  the  inter  - 
hyal  ( i.hy .,  see  fig.  9)  is  now  a  small  spur  on  the  neck  of  the  short  columella;  now 
by  absorption  of  the  centre  of  the  flat  stem,  a  veritable  stapes.  Here  again  we  are  on 
the  Metatherian  level ;  the  Marsupials  have  a  “  pharyngohyal  ”  which,  in  different 
types,  oscillates  between  the  columella  and  the  stapes  (see  Doran,  £  Ossicula  Auditus,’ 
plate  G4).  The  secondary  perforation  of  the  “  columella,”  making  it  into  a  sort  of 
stapes,  is  seen  also  in  Buds  (see  Doran,  plate  64,  figs.  44-46).  In  this  figure 
(fig.  7),  little  except  the  cochlear  part  of  the  auditory  capsule  is  drawn,  with  the 
fenestra  ovalis  ( fs.o .)  occupied  by  the  stapes,  and  the  fenestra  rotunda  ( fr .).  This  well 
ossified  mass  must  be  considered  as  a  thick  section,  cut  off  from  the  part  that  contains 
the  canals,  and  from  the  opisthotic  angle,  behind  (figs.  1,  3,  4,  op.). 

I  am  satisfied  that  in  the  Sloths  the  periotic  bony  deposit  is  generalized,  as  in 
the  Armadillos — and  in  certain  anurous  Amphibia. 

The  epihyal  (fig.  3,  e.hy)  is  still  cartilaginous,  and  is  followed  by  a  single  ossified 
ceratohyal  segment  ( c.hy .),  and  then  by  an  unusually  long  hypohyal  ( h.liy .),  now 
largely  ossified.  The  U -shaped  basal  piece  ( b.h.br .)  is  also  getting  a  bony  centre  in 
each  thyrohyal  horn  ( t.hy ). 


Skull  of  half-grown  Common  Three-toed  Sloth  (Bradypus  tridactylus,  Linn.). — Fourth 

Stage. 

A  dry  skull  of  the  half-grown  young  of  this  species  has  served  to  make  many  things 
plain  to  me  in  this  type. 

The  side  view,  with  the  olfactory,  auditory,  and  most  of  the  occipital,  region 
removed  (Plate  13,  fig.  5),  shows  the  roof  bones  ( n.,f. ,  p.),  the  nasals,  frontals,  and 
parietals,  supported  behind  by  the  large  supraoccipital  (s.o.),  and  below  by  the 
sphenoids  (V1.  to  V3.)  and  the  superficial  squamosal  (sq.).  The  nasals  (n.)  are  short, 
the  frontals  (f.)  have  but  an  indefinite  supraorbital  rim,  and  the  parietals  have  a 
sinuously  swelling  general  surface.  The  squamosals  (sq.)  are  less  produced  forwards 
and  backwards  than  in  the  Unau  (Plate  9,  fig.  3,  sq.),  but  have  a  more  well-marked 
postglenoid  process  ;  the  zyomatic  process  also  is  longer. 

The  thick  short  palatine  (pa.)  and  the  long  swollen  pterygoid  (pg.)  are  seen  in 
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situ ;  over  them,  the  orbitosphenoid  and  alisphenoid  (V1.  to  V3.)  are  partly  seen. 
Many  nerve  passages  are  shown  in  this  part,  namely,  the  optic  (II.),  which  opens  into 
the  sphenoidal  fissure,  through  which,  besides  the  orbital  nerves,  the  ophthalmic  or 
1st  branch  of  the  5th  nerve  (V1.)  passes.  This  also  enters  the  skull  again  by  one  of 
the  more  marked  orbital  foramina  (V1.),  in  the  anterior  angle  of  the  orbital  plate  of  the 
frontal  (/).  Behind  the  palatine  {pa.),  the  foramen  rotundum  (Y~. )  is  seen  close  to 
the  sphenoidal  fissure,  and  where  the  alisphenoid,  squamosal,  and  pterygoid  meet,  the 
foramen  ovale  (V3.)  is  seen. 

This  latter  is  really  a  foramen ;  in  this  disarticulated  skull,  a  thin,  narrow,  post- 
neural  lamina  of  the  alisphenoid  lies  on  the  top  of  the  hind  part  of  the  pterygoid ; 
the  2nd  branch  of  the  5th  nerve  burrows  the  alisphenoid  in  front  of  the  foramen 
ovale  for  the  3rd  branch,  runs  over  the  top  of  the  pterygoidal  sinus  or  “  antrum,”  and 
then  escapes  through  its  very  forwardly  placed  foramen  rotundum.  As  far  as  I 
can  see,  this  is  the  behaviour  of  the  branches  of  the  5th  nerve  in  this  type  ;  but 
this  is  not  all.  I  mentioned  that  the  optic  foramen  (II.),  opened  into  the  sphenoidal 
fissure;  tins  is  clearly  shown  in  the  hinder  end,  view  of  this  preparation  (Plate  13, 
fig.  7,  o.s.).  In  this  aspect  the  orbitosphenoids  are  seen  to  be  quite  ossified,  and 
nearly  confluent ;  but  the  post-neural  band  of  cartilage  (Plate  8,  fig.  9,  o.s.),  still  larger 
in  the  much  younger  embryo  of  the  Unau  (Plate  15,  fig.  5),  has  not  been  ossified,  but 
has  been  absorbed. 

Here,  again,  we  are  on  the  level,  so  to  speak,  of  the  Marsupials  ;  this  is  a  third 
Metatherian  character ;  and  it  is  acquired  by  osseous  degeneration,  correlated  with 
degeneration  and  loss  of  the  dental  series. 

The  alisphenoids  ( al.s .)  are  seen  in  this  end  view,  bulging  out  beyond  the  orbital 
plates;  the  end  view  of  the  basisphenoid  ( b.s .),  shows  a  middle  part,  faced  with  the 
cartilage  of  the  spheno-occipital  synchondrosis,  and,  outside  this,  the  rough  ends  of  the 
ridged  sides  of  the  bone,  notched  for  the  internal  carotid  artery  {i.c.)  on  their  outside. 

In  the  distance,  below,  the  two  palatines  {pa.)  are  seen  to  meet  at  the  mid-line  ; 
and  outside  these,  nearer  the  eye,  the  swollen  pterygoids  ( pg .).  Outside  and  above 
these  the  squamosals  (sq.)  show  their  large  pneumatic  opening. 

The  under  view  (fig.  6)  shows  the  lower  face  of  the  nasals  (n.),  and  the  frontals  (/.’) 
with  them  approximating  orbital  plates  resting  upon  the  ascending  process  of  each 
palatine  {pa.,  see  also  fig.  5).  A  very  small  tract  of  the  parietals  comes  into  view 
here  in  the  postorbital  region,  but  these  bones  {p.)  and  them  “  lambdoidal  ”  suture 
with  the  huge  supraoccipital  (5.0.)  are  seen  behind.  Externally,  the  squamosals  {sq.), 
with  their  pneumatic  foramen,  hollow  glenoid  facet,  and  short  zygomatic  process,  are 
seen.  In  the  middle  we  have,  at  a  distance  from  the  eye,  the  fused  orbitosphenoids 
forming  a  presphenoidal  region  {p.s.)  by  them  confluence. 

This  part  is  underfloored  and  flanked  by  the  ascending  parts  of  the  palatines  {pa.), 
in  front,  and  by  the  like  parts  of  the  pterygoids  {pg.),  behind.  The  proximal  region  of 
each  alisphenoid  (Yh-Y3.),  is  hidden  in  this  view  by  the  pterygoid,  but  the  base  (b.s.) 
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can  be  seen  with  its  thickened  sides,  growing  backwards  as  rudimentary  “  tympanic 
wings,”  and  wedging  forwards  under  the  uniting  orbitosphenoids.  The  distal  part 
of  the  alisphenoids  comes  into  view  outside  the  pterygoids,  and  the  foramen  ovale, 
foramen  rotundum,  and  common  passage  for  the  orbital  and  optic  nerves  (V3.,  V3., 
V1.,  II.)  can  all  be  distinguished  in  this  aspect  of  the  skull. 

Here  the  large  unique  pneumatic  pterygoids  show  their  communicating  passage 
with  the  great  naso-palatine  canal,  and  therefore,  also,  with  the  whole  system  of 
air-galleries  in  the  nasal  labyrinth. 

I  have  mentioned  the  parallelism  of  the  Unau  and  the  Mole  in  the  peculiar 
temporary  pretympanic  process  of  the  malleus  ;  here  in  the  Ai  (Plate  13,  figs.  8,  9), 
the  outer  and  inner  aspects  of  the  tympanic  annulus  are  almost  precisely  like  those 
of  the  Hedgehog,  and  of  the  young  Mole ;  they  have  a  considerable  concavity,  a  large 
amount  of  ossified  floor,  and  strong,  incurved  cornua,  the  front  horn  being  deeply  and 
obliquely  notched  for  the  processus  gracilis. 

Myrmecophagid,e. 

Young  of  Cycloturus  didactylus;  one  with  head  1^  inch  long,  and  another  4§  inches 
long  from  snout  to  root  of  tail,  and  head  1^  inch  long. 

I  shall  treat  these  as  one  stage  ;  they  correspond  well  with  the  larger  specimens  of 
the  Armadillos,  and  with  the  third  stage  of  the  Sloth.  This  small  arboreal  Anteater 
comes  in  well  after  the  Sloths ;  the  difficulty  of  comparison  of  these  two  Families  is 
lessened  considerably  hi  this  case. 

Once  well  understood,  the  same  stage  in  each  type —  Sloth  and  Anteater — can  be 
put  side  by  side,  and  then  the  special  adaptive  modifications  may  be  accounted  for  and 
the  true  radical  kinship  of  these  two,  apparently  so  diverse,  forms,  can  be  demon¬ 
strated.  I  have  found  that  by  putting  them  alongside  of  each  other,  and  carefully 
removing  them  special  “  marks,”  the  evidence  for  a  common  descent  is  very  great.  We 
have  a  similar  comparison  to  make  between  the  toothed  and  toothless  Anteaters  of  the 
Old  World — Orycteropus  and  Manis — and  also,  indeed,  between  the  Ornithorhynchus 
with  its  horny  “  succedanea  ”  for  teeth,  and  the  absolutely  edentulous  Echidna. 
Nowhere  can  the  modifications  produced  by  the  gradual  abortion,  and  the  complete 
suppression,  of  teeth  in  the  higher  Yertebrata  be  better  seen  than  in  the  Edentata  or 
Bruta.  In  the  Chelonia  the  massive  horn-covered  jaws  are  less  modified  than  might 
have  been  expected  ;  the  strong  shears  that  serve  as  a  makeshift  for  teeth,  ask  for  as 
strong  a  setting  as  the  normal  teeth  of  a  Reptile. 

So  also  hi  Bmds,  to  a  greater  or  less  degree,  as  may  be  seen  by  comparing  the  skulls 
of  the  toothed  Bmds  (so  ably  described  and  exquisitely  figured  by  Dr.  Marsh)  with 
those  of  the  existing  toothless  types. 

But,  in  the  Mammalia,  we  are  so  familiar  with  the  huge  dental  apparatus  seen  in 
this  or  that  high  Eutherian — jaws  answering  to  teeth,  and  teeth  to  jaws — that  any 
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perfectly  toothless  type  of  Mammal  seems  to  be  a  monster ;  and  to  be  sans  teeth  is  to 
be  sans  everything. 

In  the  Snapping  Turtle  or  the  Macaw  the  massiveness  of  the  face  makes  no 
difference  in  the  morphology  of  the  type  ;  here  also,  in  this  little  toothless  arboreal 
Anteater,  the  bird-likeness  of  the  face  is  a  very  thin  mask  to  its  true  nature  as  a  low 
Eutherian  Mammal ;  the  whole  result  is  but  a  faint  and  feeble  imitation  of  the  face 
of  the  feathered  and  winged  Edentate. 

Yet  the  result  of  this  slow  secular  “  drawing  ”  of  the  teeth  is  very  curious  and 
instructive  (see  Plate  10),  and  the  result  in  this  quasi- senile  creature  is  to  form  a  skull 
like  a  small  gourd  or  a  flask.  But  this  lageniform  skull  is  flat  on  one  side,  and  bent 
downwards  towards  that  flattened  side.  That  is  the  under  surface  (Plate  10,  fig.  1)  ; 
here  we  see  a  small,  short  snout,  with  lateral  nostrils  ( al.n .,  e.n. ),  quite  like  that  of 
the  Sloths,  but  more  slender. 

The  basal  part  of  the  premaxillaries  ( px .)  is  a  small  subtriangular  tract  ;  the  right 
and  left  bones  are  separated  by  the  width  of  the  base  of  the  nasal  septum  (fig.  7,  s.n.). 
Where  they  diverge,  behind,  there  the  maxillaries  (mx. )  begin  to  converge  ;  in  the  fore 
part  of  their  palatine  plate  there  is  then  left  a  lozenge-shaped  interspace,  and  here  we 
see  the  two  front  paired  vomers,  small  pyriform  ossicles  (fig.  10,  v'.),  lying  parallel 
with  their  pointed  end  forwards.  The  hard  palate  is  very  much  sculptured  and 
perforated,  two-thirds  of  it  belongs  to  the  maxillaries,  and  one-thircl  to  the  pala¬ 
tines  (pa.)  This  under  region  widens  a  little  backwards,  and  narrows  again  towards 
the  end  of  the  perfect  floor.  That  perfect  part  runs  to  the  middle  of  the  skull,  the 
rest  is  indeed  well  marked  off  and  hedged  in  with  solid  bone,  but  the  floor  is  merely  a 
strong  “  aponeurosis,”  and  not  a  bony  tract  right  across,  as  in  the  large  Myrmeco- 
pliagidce ;  the  naso-palatme  canal,  however,  is  quite  perfect  in  this  little  kind,  and 
opens  close  under  the  junction  of  the  head  and  neck. 

The  sharp-edged,  toothless  alveolar  region  of  the  maxillary  (mx.)  sends  inwards  the 
usual  flange,  and  this  only  leaves  a  small  tract  for  the  higher  submesial  part ;  the  two 
tracts  are  separated  by  a  deepish  groove.  About  three-fifths  of  the  underview  of 
the  maxillaries  is  palatine,  the  rest  belongs  to  the  facial  walls,  which  spread  out 
on  each  side  of  the  inferior  infraorbital  foramina  (V2.)  into  an  ear-shaped  lobe,  and 
then  the  bone  contracts  suddenly,  and  runs  inwards  to  bind  on  to  the  middle  of  the 
side  of  the  rest  of  the  hard  palate.  This  part  answers  to  the  socket  of  the  upper 
“  wisdom  tooth  ”  in  man. 

Fine  threads  of  bone  are  seen  extending  backwards  into  the  jugal  region  from  the 
outer  lobe  of  the  maxillaries  ;  these  are  the  starved,  abortive  jugals  (/.). 

The  orbits  are  less  enclosed  than  ever  in  this  type ;  in  this  aspect  the  inturned 
orbital  plate  of  the  frontals  (f.),  and  the  antero-inferior  cornu  of  the  parietals  (p. )  can 
be  seen,  folded  over  the  two  pairs  of  wings  of  the  “  sphenoid  bone.”  The  palatine 
hinder  third  of  the  hard  palate  is  quite  like  the  part  in  front  of  it,  and  at  the  line  of 
junction  of  the  two  palatines,  behind,  this  floor  is  emarginate,  angularly. 
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This  takes  up  three-fifths  of  the  large  palatines,  the  remaining  part  merely  helps 
to  wall  in  the  great  naso-palatine  canal.  Each  bone  diverges  backwards  and  leaves 
an  interspace  wider  than  each  bar,  at  the  top  of  which,  on  the  inner  side  of  each,  the 
palatine  bone  is  seen  to  clamp  the  basis  cranii  by  a  dilated  plate. 

Then  the  pterygoids  (pg.)  begin ;  they  run  forward,  a  little,  inside  the  palatines, 
and  these,  in  turn,  run  backwards  outside  them,  fastening  together,  obliquely. 

Each  bone  has,  away  from  the  eye  in  this  view,  an  upper  plate  embracing  the 
skull,  a  flange,  as  in  the  palatines — which  runs  on  to  the  last  fourth  of  the  basi- 
occipital  (b.o. ).  Up  to  the  spheno-occipital  synchondrosis  ( b.s .,  b.o.),  the  two  ptery¬ 
goids  form  the  margin  to  a  lanceolate  space,  the  sides  diverging  and  then  converging  ; 
but  in  their  last  third  the  pterygoids  diverge  again,  and  then  their  upper  plate  is  well 
seen.  At  them  middle  these  bones  spread  out,  doubling  their  breadth  and  becoming 
rugged  and  notched  ;  they  thus  form  an  angle  which  wedges  strongly  in  between  the 
innermost  part  of  the  squamosal  and  the  foremost  part  of  the  annulus  tympanicus 
(sq.,  a.ty.).  In  the  angle,  here,  the  foramen  ovale  (figs.  1  and  9,  V3.)  is  seen.  At 
them  rounded  ends,  which  are  cut  away  somewhat,  externally,  the  pterygoids  are 
capped  with  cartilage,  as  in  the  embryos  of  most  of  the  lower  Eutheria,  which  have 
this  sign  or  remembrance  of  the  great  pterygo-quadrate  bar,  or  endoskeletal  upper  jaw 
of  the  Ichthyopsicla. 

The  double  sphenoidal  region  is  largely  displayed  in  this  view ;  outside  the 
unfloored  part  of  the  palatines,  the  orbitosphenoicls  and  optic  nerves  (o.s.,  II.)  are 
seen,  and  behind  these  a  large,  lozenge-shaped  tract  of  each  alisphenoid  (al.s.),  behind 
the  sphenoidal  fissure,  through  which  both  the  1st  and  2nd  branches  of  the  5th 
nerve  (V1,2.)  pass.  Opposite  the  junction  of  the  pterygoids  and  palatines  there  is  a 
semi-oval  tract  of  cartilage,  separating  the  presphenoidal  region  from  the  basi- 
sphenoidal  bone  (p.s.,  b.s.),  for  here  the  orbitosphenoids  (o.s.)  meet  and  coalesce,  and 
the  cartilage  has,  necessarily,  a  convex  form  at  them  junction.  In  front,  where  it 
runs  on  over  the  hard  palate,  it  becomes  the  unossified  perpendicular  ethmoid  (fig.  7, 
p.e.).  The  large,  and  unusually  long  basisphenoid  (b.s.)  has  a  small  pituitary  hole 
at  its  front  third,  and  is  longer,  contrary  to  rule,  than  the  basi occipital,  that  is, 
measured  along  the  mid-line. # 

This  is  correlated  with  the  great  length  of  the  pterygoid  bones  (pg.),  which  are  one- 
third  the  length  of  the  bony  cranio-facial  base,  and  even  in  the  Unau  (Plate  9,  fig.  1) 
are  only  one-fourth,  with  its  relatively  much  shorter  skull.  The  external  descending 
ridges  of  the  basisphenoid  (b.s.),  like  those  in  the  Unau  (Plate  9,  fig.  1),  are  hidden 
by  the  junction  with  those  of  the  backwardly  extended  pterygoids.  Only  the  pre- 
pituitary  part  of  the  basis  cranii  is  convex  along  the  middle,  in  the  notochordal  region  ; 


*  In  tlie  Unau  at  the  same  stage  (Plate  9,  fig.  1)  the  basisphenoid  is  one-third  shorter  than  the 
hasioccipital ;  here  the  bony  basal  tracts,  measured  along  the  middle  in  my  younger  specimen,  are  as 
follows  : — presphenoidal  region  2  millions.;  basis]3henoidal  4'5  millims. ;  hasioccipital  4  millims 
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behind  the  middle  of  the  basisphenoid,  it  is  gently  concave,  as  the  roof  of  the  hind 
part  of  the  very  long  naso-palatine  canal. 

The  rest  of  the  basal  region,  formed  by  the  basioccipital  ( b.o .)  is  very  large,  and 
between  pentagonal  and  orbicular  in  shape  ;  and  like  that  of  the  Unau  (Plate  9,  fig.  1) 
has  a  very  Sauropsidan  form  and  size,  but  still  more  so  than  in  the  Sloth.  As  in 
that  type,  the  bone  has  strong  “  basipterygoid  processes  ”  (figs.  4  and  9,  b.pg.),  which 
functionally  correspond  to  the  parts  so  named  in  the  Sauropsida,  but  are,  here,  the 
outgrowths  of  a  hinder  bone.  Here  they  reach  within  a  short  distance  of  the  rim  of 
the  foramen  magnum  (figs.  1,  4),  and  are,  indeed,  as  strong  and  well-developed  as  any 
of  their  analogues  in  Reptiles  or  Birds.'1' 

In  the  sides  of  the  hind  skull,  as  seen  in  this  under  aspect,  the  parietals  (p.)  come 
into  view,  outside  the  squamosals  (sq.),  a  rare  character,  and  one  that  can  only  occur 
in  such  a  curious  gourd-shaped  skull  as  this,  or  hr  the  similar  skull  of  the  Pangolin — 
next  to  be  described.  Inside  them,  the  abnormally  small  squamosals  (figs.  1  and  9) 
make  a  better  figure  in  this  under  face  of  the  skull  than  they  do  as  seen  from  the 
outside  (fig.  3).  The  zygomatic  process  is  very  stunted,  and  behind  it  wTe  see  the 
small  pyriform  gently  concave  glenoid  facet  (gif),  with  its  narrow  end  forwards  and  a 
little  turned  outwards. 

Hie  postglenoidal  part  of  the  bone  curls  inwards,  but  is  notched  in  the  middle, 
iust  in  front  of  the  tegmen  tympani  and  ossicula  auclitus,  and  where  the  hollow  bone 
has  its  pneumatic  passage  opening  into  the  cavum  tympani.  A  large  sinuous  under 
and  inner  flange  runs  from  the  convex  outer  part  of  the  squamosal,  and  strongly 
undergirds  the  alisphenoid ;  it  almost  reaches  the  basicranial  plate  of  the  pterygoid 
(pg.),  and  is,  in  turn,  itself  undergirt  by  the  fore  horn  of  the  large  bony  annulus 
(a.ty.),  and  also  by  the  large  spatulate  processus  gracilis  of  the  malleus  (fig.  9,  p.gr.). 

A  small  vascular  foramen  is  seen  at  the  posterior  angle  of  the  squamosal  (see  also 
fig.  3,  sq.). 

The  tympanic  annuli  (a.ty.)  are  quite  comparable  to  those  of  the  embryo  of  the  Ai 
(Plate  8,  fig.  5),  as  to  their  large,  relative,  size.  The  side  view  (fig.  3)  shows  them, 
but  not  so  well  as  this  ;  them  aperture  is  wide,  and  obliquely  turned  outwards  and 
forwards,  and  is  occupied  by  the  manubrium  and  ear-drum  skin  (tn.ml.,  m.ty.).  The 
part  round  the  run  of  the  opening  is  smooth,  convex,  and  is  taking  on  the  well- 
marked  bulliform  character  seen  in  the  adult.  All  round  the  horns  and  convexity, 
externally,  they  are  notched,  or  toothed,  in  a  remarkable  manner.  Behind  these 
bones,  the  ossified  auditory  capsule  (op.)  comes  into  view,  with  the  opening  for  the 
9th  and  10th  nerves  (IX.,  X.).  This  skull  is  somewhat  more  advanced  as  to  its 

#  The  quasi-embryovic  arrest  of  the  hinder  hard  palate  in  this  kind  is  very  instructive ;  a  little  more 
energy  of  growth  would  have  given  this  dwarfed,  arrested,  Anteater,  with  its  long  pretensile  tail  for  the 
service  of  its  timid,  arboreal  life,  a  palate  equal  to  that  of  its  larger  congeners  (compare  fig.  1  with 
Professor  Flower’s  figure  of  the  basal  view  of  the  skull  in  the  Ant-bear;  ‘  Osteol.  of  Mammalia,’  fig.  65, 

p.  206). 


72 


MR.  W.  K.  PARKER  OK  THE  STRUCTURE  AND 


lower  arches  than  that  of  the  young  Unau  (Plate  9),  for  the  fixed  part  of  the  hyoid 
arch  (epihyal,  e.hy.)  has  formed  a  “  tympanohyal  ”  ossification  (fig.  9,  between  fr. 
and  IX.,  X.)  in  front  of  the  stylomastoid  foramen  (VII.),  separate  from  the  opisthotic 
(op.)  ;  the  rest  of  the  arch  (fig.  6)  has  become  free. 

The  occipital  arch,  the  base  of  which  has  already  been  described,  is  here  seen,  show¬ 
ing  a  semi-inferior,  almost  circular  foramen  magnum  ( fm .),  convex  sub-reniform  con¬ 
dyles  (oc.c.),  exoccipitals  with  a  low  par-occipital  ridge,  and  the  lower  edge  of  the 
large  supraoccipital  ( s.o .).  All  the  bones,  here,  are  separated  by  a  moderate  tract 
of  cartilage  ;  in  front  of  that  which  runs  sinuously  inwards  and  forwards,  between  the 
basal  and  side  pieces,  we  see  the  hole  for  the  hypoglossal  nerve  (fig.  9,  XII.)  lying  in  a 
notch  of  the  exoccipital  ( e.o .). 

The  upper  view  (Plate  10,  fig.  2)  shows  the  form  of  the  skull  best,  in  its  resemblance 
to  a  small  gourd,  the  nasal  labyrinth  merely  forming  the  neck  to  the  bulbous  cranium. 

Here  an  unossified  endoskeletal  tract  of  the  snout  ( al.n .)  finishes  the  upper  end, 
and  an  ossified  tract,  the  wide  superoccipital  (s.o.),  finishes  the  lower;  all  the  rest,  as 
seen  in  this  view,  is  composed  of  paired  investing  bones. 

The  emarginate  space  in  front  of  the  nasals  shows  a  considerable  amount  of  the 
double  narial  tube,  ending  near  the  fore  end  in  the  lateral  nostrils  (e.n.). 

The  nasals  (n.,  line  too  short),  notched  in  front,  widen,  wing-like,  at  their  frontal 
end,  and  are  somewhat  pinched  at  their  sides.  Just  the  top  of  the  feeble  facial  plate 
of  the  premax  diaries  ( px .)  can  be  seen  here,  followed  by  the  ascending  part  of  the 
maxidaries  (nix.),  into  which  is  set  the  small  perforated  lacrymal  (7.,  l.c  ),  and  from 
which  grow  the  feeble  threads  that  remain  of  the  jugals  (/.). 

The  frontals  (f )  are  notched  at  their  fore  angle  by  the  lacrymal  wedge  ;  they  then 
expand  a  little,  and  contract  again,  to  finish  the  “  neck  ”  of  the  “  gourd.” 

From  this  neck,  or  waist,  at  the  front  third  of  the  badly  enclosed  orbits,  the  whole 
cranium  sweds  into  its  bulb,  with  but  little  injury  to  its  neatly  oval  form,  untd  wre 
come  to  the  gentle  median  projection  of  the  supraoccipital. 

There  is  but  little  difference  in  the  length  of  the  frontal  and  sagittal  sutures  (see 
also  fig.  3,  f,  p.)  ;  but  these  bones  are  not  finished  where  they  should  pass  into  each 
other  ;  there  the  sutural  teeth  are  large  enough  for  a  very  much  larger  type,  just  as 
we  find  in  the  Cad uci brand i kite  Salamandrians  (see.  Trans.  Linn.  Soc.,  ser.  2,  vol.  2, 
plate  18,  Cynops ;  plate  21,  Spelerpes  and  Desmognathus).  Here,  in  this  dwarfed 
arboreal  type,  the  fontanelle  (fo.)  is  bilobate,  and  fids  in  slowly,  reminding  the 
observer  of  the  numerous  dwarfed  arboreal  kinds  of  Anura  (Tree-frogs)  that  abound 
in  the  same  primaeval  forests,  the  companions  of  this  very  type. 

But  the  side  view  (fig.  3)  shows  some  of  the  most  remarkable  things  in  this 
arrested  type  of  skull  ;  this  may  be  compared  with  the  similar  figure  given  of  the 
embryo  Unau  (Plate  8,  fig.  3)  ;  such  a  comparison  will  show  a  likeness  between  the 
two  that  is  very  remarkable. 

One  thing  may  be  stated  here,  namely,  that  the  length  of  the  basifacial  axis,  from 
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the  front  of  the  presphenoidal  region  to  the  end  of  the  snout,  and  of  the  basicranial, 
from  the  former  point  to  the  foramen  magnum,  are  nearly  equal ;  so  they  are  in  the 
embryo,  and  in  the  new-born,  Unau. 

But  in  the  great  Ant-bear  the  front  measurement  is  about  three  tunes  the  length 
of  the  hinder ;  hence  I  call  this  little  skull  quasi -embryonic — the  Myrmecophagine 
specialization  of  the  face  is  arrested,  and  it  is,  very  probably,  the  descendant  of  a 
much  larger  type,  with  a  much  longer  face. 

The  fore  part  of  the  face  is  bent  downwards  in  a  manner  that  is  abnormal  for  this 
advanced  stage,  although  it  would  be  quite  normal  for  an  early  embryo.  The  snout 
( al.n .)  is  compressed  and  the  nostrils  ( e.n .)  lateral;  the  premaxillaries  (px.)  are  very 
small  angulated  bones  just  touching  the  nasals  above,  and  followed  by  the  maxillaries, 
which  for  them,  have  a  starved  appearance  ;  they  are  wrinkled,  and  hollow  externally, 
without  much  convexity  in  the  alveolar  region.  The  infraorbital  foramen  is  oval,  and 
the  bone  over  this  passage  swells  somewhat,  but  has  a  notched  upper  margin  where 
the  lacrymal  (7.)  rests  upon  it.  The  maxillary  is  notched  again,  twice,  in  its  sub¬ 
orbital  region,  and  then  ends  in  an  ear-shaped  jugal  process,  with  fine  threads  of  bone 
— remnants  of  the  jugal  (j.) — attached  to  it. 

The  lacrymal  (l.)  is  a  thin  shell  of  bone,  perforated  for  the  duct  (J.c.),  and  hollow 
towards  the  eye-ball ;  it  has  both  a  facial  and  an  antorbital  region.  The  frontals 
are  almost  Ophidian ;  together  they  nearly  form  a  cincture  by  the  large  develop¬ 
ment  of  their  orbital  plates,  which  leave  no  space  for  any  “pars  plana”  of  the 
ethmoid,  or  allow  more  than  a  small  patch  of  the  low  orbitosphenoids  (o.s.,  see  fig.  7) 
to  be  seen  in  the  base  of  the  orbital  region. 

These  orbital  plates  come  down  to  rest  upon  the  palatines  (figs.  1  and  3,  pa.),  and 
form  a  moderately  concave  wall  to  the  very  indefinite  orbit.  The  supraorbital  region 
is  marked  by  a  convexity  having  the  shape  of  an  hour-glass,  the  “waist”  of  which  is 
part  of  the  general  constriction  of  the  skull  round  the  enclosed  ethmoids. 

The  greatest  concavity  of  the  deep  orbital  plate  is  just  below  the  second  supra¬ 
orbital  swelling ;  it  is  then  a  little  convex,  and  then  hollows  out  backwards  and 
downwards,  the  hollow  ending  in  the  principal  orbital  foramen,  for  the  ophthalmic 
(orbitonasal)  nerve  (V1.).  There  the  orbitosphenoid  (o.s.)  is  exposed,  and  in  it  the 
optic  passage  (II.)  is  seen. 

Behind  the  sinuous  imperfect  coronal  suture  the  parietal  (p. )  stretches  backwards 
to  the  occipital  arch,  and,  below,  comes  down  towards  the  floor  of  the  skull  nearly  as 
well  as  in  the  Snake. 

Thus  the  temporal  fossa  is  merely  a  part  of  the  general  face  of  the  skull,  infero- 
laterally,  the  parietal  being  scarcely  at  all  hollowed  to  form  it ;  here,  at  the  lowest 
front  angle,  the  parietal  sends  forwards  a  large  round  lobe  that  binds  down  upon 
both  the  wings  of  the  sphenoid  just  over  the  sphenoidal  fissure  (V1, 2‘). 

Looking  towards  the  mid-line,  below,  we  see  the  undergirders  of  the  skull — the 
palatines  and  pterygoids  (pa.,  pg.) ;  they  show,  from  this  aspect,  their  ribbed  edge,  and 
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the  manner  in  which  the  infero -lateral  parts  of  the  endocranium  are  built  upon  them. 
Over  their  junction,  and  over  the  exposed  part  of  the  pterygoid,  the  alisphenoid  is 
seen,  partially,  with  its  foramen  ovale  (V3.)  in  its  middle,  far  forwards  from  the  primary 
normal  place  for  the  escape  of  the  hinder  division  of  the  trigeminal  nerve.'" 

The  squamosal  (fig.  3,  sq.)  is  a  very  narrow,  low-lying  scale,  a  lateral  or  temporal 
scute,  differing  but  little  from  that  of  the  Frog,  but  specialized  in  another  manner. 
In  that  Amphibian  the  outer  or  obliquely  descending  process  binds  upon  a  massive 
quadrate  region,  the  hind  part  of  the  endoskeletal  upper  jaw.  In  this  case,  that  of 
the  Mammal,  the  outer  process  binds  over  the  much  arrested  quadrate  (  =  incus)  at  its 
proximal  part,  but  the  free  end  acquires  a  cartilaginous  facet  for  articulation  with  the 
detached  fore  part  of  a  compound  mandible.  The  upper  edge  of  the  squamosal  is 
gently  convex,  there  is  a  small  notch  near  the  end,  and  the  bone  then  forms  a  small 
angular  process  which  fits  in  between  the  parietal  and  opisthotic  (op.). 

Below  that  junction,  in  front  of  its  squared  end,  the  bone  is  perforated  for  a  vessel ; 
it  is  then  lobate,  then  notched  over  the  front  crus  of  the  tympanic  ( a.ty .),  and,  in  front, 
on  the  inside  of  the  short  jugal  process  and  glenoid  hollow,  it  ends  as  a  rounded  angle 
behind  the  descending  lobe  of  the  parietal  (see  also  figs.  1  and  9).  The  obliquity  of 
the  annulus  (a.ty.)  is  well  seen  here,  and  the  large  size  of  the  drum-membrane  and 
the  manubrium  (m.ty.,  m.rnl.).  A  convex,  roughly  pentagonal  mastoid  region  (op.) 
is  displayed  in  this  side  view,  and  over  it  the  edge  of  the  huge  supraoccipital  (s.o.), 
dovetailed  by  the  lateral  occipital  (o.),  behind  which  the  condyle  (oc.c.)  is  hardly 
visible.  The  projection  of  the  crown  of  the  occipital  arch  is  well  shown  in  this  view ; 
the  general  relation  and  direction  of  these  parts  is  very  similar  to  what  is  seen  in  the 
early  embryo  of  the  Unau  (Plate  8,  fig.  3),  whose  squamosal  (sq.)  is  probably  very 
much  like  that  of  the  little  Anteater  at  the  same  stage.  In  the  latter  the  parietal 
overgrows  the  squamosal;  in  the  Unau  (Plate  8,  fig.  3;  Plate  10,  fig.  3)  it  is  the 
squamosal  that  becomes  so  greatly  developed,  becoming  half  the  size  of  the  parietal, 
whereas  in  this  case  it  is  about  one-tenth  the  sized 

In  the  Unau,  whilst  the  teeth  are  thin  caps  of  dentine  on  small  rudimentary  pulps 
(Plate  8,  fig.  3),  the  mandibular  ramus  is  not  more  unlike  that  of  this  edentulous  type 
(Plate  10,  figs.  3,  3a)  than  it  is  to  that  which  it  will  become  in  the  ripe  embryo 
(Plate  9,  fig.  3).  The  edge  of  the  ramus  is  curiously  denticulated  where  the  outer  and 
inner  laminae  should  form  the  alveolar  walls.  This  is  very  similar  to  what  is  seen  in 


*  The  position  of  the  foramen  ovale  in  the  Mammalia  is  correlated  with  many  remarkable  specializa¬ 
tions  that  are  diagnostic  of  the  skull  in  this  class ;  one  of  these  is  the  extreme  obliquity,  or  tilting,  of 
the  auditory  capsules,  and  another  is  the  out-thrust  of  the  alisphenoids,  themselves,  which  now  in  the 
Mammal,  for  the  first  time,  are  pushed  clean  outwards  from  the  general  endoskeletal  wall. 

f  I  am  satisfied  that  if  a  perfect  series  of  embryonic  Unaus  and  Anteaters* — small  or  large — could  be 
obtained,  we  should  find  that  these  two  extremely  specialized  forms  of  low  Eutheria  would  be  found  to 
approximate  more  and  more  when  thus  studied  clowmvards  and  backwards ;  thus  they  would  be  seen  to 
repeat,  in  their  prenatal  state,  their  secular  birth  and  growth. 
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other  edentulous  types,  as  for  instance  in  a  remarkable  Neotropical  Passerine  Bird — 
Phytotoma  rara  (Trans.  Zool.  Soc.,  vol.  10,  plate  46,  figs.  8-10) ;  and  in  a  gigantic 
Toad  ( Bufo  agua,  Phil.  Trans.,  1881,  Plate  36,  fig.  2)  from  the  same  region,  whose 
palatines  (normally  edentulous  in  existing  Anura)  show  signs  of  an  old  tooth -surface 
in  the  form  of  sharp  osseous  denticulations. 

In  this  slender  mandible,  decurved  like  the  snout  end  of  the  upper  jaw,  the  coronoid 
process  {cr.p.)  is  a  good  wide  hook,  separated  from  the  round  condyloid  process  (< cd.p .), 
with  its  clearly  marked  neck,  by  a  large  semicircular  notch;  a  shallow  notch  separates  the 
latter  from  the  less  marked  angular  process  (< ag.p .),  which  is  slightly  incurved.  The 
inner  face  of  the  ramus  (fig.  3a)  shows  tracts  or  regions  of  bone  that  correspond  most 
accurately  with  the  coronoid  and  splenial  bones  of  the  Oviparous  Yertebrata;  the 
rapid  ossification  of  the  ramus  from  the  main  bone,  or  dentary,  does  not  allow  of 
distinct  centres  for  these  parts  ;  at  least,  as  far  as  I  have  seen,  they  are  only  partially 
distinct. 

The  end  view  of  this  skull  (fig.  4)  is  as  important  as  the  other  aspects,  which  have 
to  be  corrected,  visually,  by  this.  The  fundus  of  this  flask-shaped  skull  is  subcircular 
and  gently  convex  ;  the  perfect  semicircle,  above,  is  finished  in  its  outline  by  the 
deep  parietals  (p.) ;  the  rest  of  the  outline  is  made  more  irregular  than  it  would  be  by 
the  appearance,  in  the  distance,  of  the  hinder  swellings  of  the  tympanies  ( a.ty .).  The 
supraoccipital  (s.o.)  is  reniform,  with  a  concentric  muscular  ridge,  but  the  lower  edge, 
besides  its  “  hilus”  over  the  large,  nearly  circular  foramen  magnum  ( fm .),  is  notched, 
right  and  left,  by  the  squared  upper  end  of  the  exoccipitals  (e.o.)  ;  the  upper  and 
outer  junction  of  these  bones  is  sinuous,  the  outer  and  lower  margin  fitting  against 
the  opisthotic  (op.)  is  rounded.  A  notch  separates  the  outer  lobe,  with  its  thick  par- 
occipital  edge,  from  the  reniform  condyle,  and  between  the  right  and  left  condyles 
the  basioccipital  comes  into  view.  Here  we  see  the  extraordinary  development  of  the 
“  basipterygoids  ”  of  the  basioccipital  ( b.pg .)  like  those  of  the  Unau  (Plate  9,  fig.  1), 
but  larger,  and  carrying  the  ends  of  each  pterygoid  bone  (pg.).  The  lower  face  of  each 
pterygoid  is  flat,  but  oblique,  the  outside  being  the  deeper  part ;  the  interspace 
between  the  two  bones  is  not  greater  than  the  width  of  each ;  this  is  floored  by  a  strong- 
membrane,  and  thus  the  circular  hind  part  of  the  naso-palatine  canal  {n.p.c. )  is 
completed,  a  little  in  front  of  the  foramen  magnum.  A  membranous  interspace  is  seen 
between  each  tympanic  and  the  opisthotic  {a.ty.,  IX.,  X.);  outside  the  broad  outer 
opisthotic  part  we  see  the  hind  margin  of  the  narrow  squamosal  (sq.),  and  over  the 
tympanic  the  epihyal  (e.hy.),  and  right  and  left  in  this  region  the  nerve  passages  for 
the  facial,  glossopharyngeal,  vagus,  and  hypoglossal  (VII.,  IX.,  X.,  XII.). 

The  external  views  (figs.  1-3)  were  taken  from  the  smaller  dry  skull,  with  the  help 
of  the  larger  spirit-specimen ;  the  sectional  views  (figs.  7  and  8),  the  hyoid  (fig.  6),  and 


*  The  embryology  of  the  Myrmecophagidse  and  of  the  Manidae  would  possibly  show  us  rudimentary 
teeth  in  both  families. 
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the  vomerine  bones  and  cartilages  (fig.  10)  are  from  dissections  of  the  latter,  more 
developed,  young ;  this  will  account  for  some  differences  of  form  in  the  parts. 

The  complete  longitudinally  vertical  section,  made  a  little  to  the  left  of  the 
mid-line,  shows  almost  perfect  ossification  of  the  endoskeletal  part  of  the  skull,  proper, 
with  no  appearance  of  bone  in  the  internasal  region.  That  region  is  very  short  in 
proportion  to  the  long  cranial  cavity,  which,  itself,  is  remarkable  for  the  large 
development  of  the  supraoccipital  ( s.o .)  and  for  the  peculiarly  low  position  of  the 
whole  of  the  double  sphenoid,  reminding  the  observer  of  the  skull  of  Serpents.  The 
delicate  decurved  snout  has  the  familiar  fenestra  ( i.n.f )  in  the  fore  part  of  the  septum 
nasi  (s.n.)  between  the  external  nostrils.  The  Jacobson’s,  or  recurrent,  cartilage 
(rc.c.)*  is  cut  across  on  the  left,  but  that  of  the  right  side  is  seen  under  the  septum  nasi 
(see  also  fig.  10).  The  whole  septum  (p.e.,  s.n.)  is  rather  high  in  proportion  to  its  length; 
its  thick  intertrabecular  base  has  an  arched  or  concave  outline,  but  the  top  of  the  crest 
or  partition  is  convex  for  some  distance,  and  then  drops  rather  suddenly  towards  the 
snout.  The  descending  margin  of  the  middle  ethmoid  (p.e.)  is  somewhat  crested  (the 
crista  galli)  and  grooved  by  the  olfactory  filaments ;  the  cribriform  plate  (below  cr.p.) 
cannot  be  seen  in  this  view ;  the  partition  hides  it.  Here  the  presphenoidal  bony 
tract  (p.s.)  is  now  almost  complete  through  the  fusion  of  the  orbitosphenoids,  which 
have  long  ago  lost  their  large  upper  cartilaginous  tract  joining  on  to  the  supratemporal 
crest,  and  the  supraoccipital. 

The  upper  part  of  the  orbitosphenoid  only  can  be  seen,  and  half  the  optic  foramen 
(II.)  ;  that  wing  has  its  margin  first  descending  and  then  rising  into  a  short  lobe  in 
front  of  the  sphenoidal  fissure  (V1, 2').  The  alisphenoidal  (a!.,  read  al.s.)  lies  still  further 
out  of  sight,  being  thrust  outwards  as  well  as  downwards  (see  fig.  1) ;  its  upper  edge 
is  notched  gently,  here,  and  the  foramen  ovale  (V3.)  is  below  the  angular  process  that 
divides  the  notches  (see  also  fig.  9). 

The  cartilage  between  the  pre-  and  basisphenoids  (p.s.,  b.s.)  is  longer  than  that 
between  the  basisphenoid  and  basioccipital  (b.o.) ;  and  the  latter  tract  is  high,  being 
part  of  the  postclinoid  wall.  This  is  thick  now,  being  composed  of  part  of  two  bones 
and  the  intervening  cartilage,  but  in  the  adult  the  “sella”  becomes  more  scooped,  and 
the  postclinoid  wall  is  thin  and  curls  forwards.  The  shorter  presphenoidal  tract 
of  bone  is  twice  as  thick  as  the  basal  pieces  behind  ;  the  basisphenoid  is  the  longest 
of  the  three.  The  internal  carotid  artery  (i.c.)  enters  the  skull  nearer  to  the  mid-line 
than  hi  Eutheria,  generally,  but  its  entrance  is  normal ;  its  internal  continuation, 
forwards,  is  large,  and  lies  in  a  very  definite  groove  over  the  junction  of  the  base 
and  ala. 

The  exoccipitals  (e.o.)  have  a  considerable  parting  of  cartilage,  yet,  between  them 
and  the  basal,  plate  (b.o.) ;  the  latter  is  notched  in  a  crescentic  manner,  twice,  first  for 
the  cochlea,  and  then  for  the  exoccipital.  A  definite  tract  of  cartilage  still  separates 

*  The  line  from  rc.c.  is  wrongly  directed  to  the  premaxillary ;  the  anterior  vomer  (see  fig.  10,  v'.)  is 
not  lettered. 
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the  latter  bone  from  the  great  keystone  piece  ( s.o .),  which  is  notched  in  a  triangular 
manner  for  the  upper  angle  of  the  exoccipital. 

The  rounded,  projecting,  rather  obtuse  angle  of  the  great  supraoccipital  is  not  in 
the  middle,  but  below  it,  for  the  bony  section  along  the  top  is  one-fourth  longer  than 
that  which  leans  over  towards  the  spine,  behind.  Here,  as  in  the  Monotremes,  the 
hind  brain  lies  in  a  great  hollow  recess,  formed  by  the  ossified  chondrocranium,  and 
does  not  simply  lean  against  a  moderately  concave  wall.  If  the  fore  angle  of  the 
supraoccipital  had  been  sharply  pointed,  and  the  frontals  more  developed  backwards, 
we  might  have  had  what  is  seen  in  the  highest  physoclystic  Teleostei,  namely,  lateral 
parietals,  and  the  supraoccipital  meeting  the  frontals.  Here,  the  cut  edge  of  the 
occipital  “  tegmen  ”  is  longer  than  the  inner  edge  of  the  parietal,  where  it  meets  its 
fellow  to  form  the  sagittal  suture. 

The  tilting  of  the  auditory  capsules  has  been  so  great  that  their  hind  border 
lies  almost  flat  upon  the  exoccipitals  and  basioccipital.  The  capsule  is  rather  small, 
well  ossified,  and  from  the  smallness  of  the  space,  and  its  immaturity,  the  form  oi 
the  exquisite  labyrinth  within  has  been  retained  in  the  bony  capsule.  The  anterior 
canal,  with  its  ampulla  (a.s.c.),  is  seen  arching  over  a  very  definite  recess  for  the 
flocculus ;  and  also  its  junction  with  the  posterior  canal  (p.s.c.).  Over  both  these 
canals  the  bony  capsule  becomes  angular,  to  fit  into  the  interspace  of  the  neigh¬ 
bouring  bones.  Across,  below  the  swelling  of  the  vestibule,  where  the  ampullae  open, 
the  archway  of  the  meatus  interims  shows  the  normal  passages  (VII.,  VIII.)  and, 
antero-inferiorly,  below  these,  the  coils  of  the  cochlea. 

A  part  of  the  exposed  lower  surface  (fig.  9,  chi.)  shows  a  very  tumid  proximal  coil,  with 
no  definite  mark  of  the  further  turns  of  the  helix.  This  figure  clearly  shows  how  the 
squamosal,  where  it  opens  into  the  air  cavity  of  the  drum,  helps  the  “  tegmen,” 
forming  an  eave  over  it,  and  that  under  this  eave  the  top  of  the  1st  and  2nd  visceral 
arches  are  sheltered.  The  secondary  fenestra  ovalis,  and  the  primary  fenestra  rotunda 
(inside  si.,  and  fr are  here  shown,  the  former  closed  by  the  proximal  part  of  the 
hyoid  arch,  or  stapes  ( st .).  The  sub-proximal  part  of  that  arch,  the  epihyal  ( e.hy .), 
is  confluent  with  the  opisthotic  region  (op.),  and  has  formed  the  bony  “tympano- 
hyal”  of  Flower — the  proximal  endoskeletal  part  of  the  so-called  “stylohyal.” 

The  remainder  of  the  hyoid  arch  is  shown  separately  (fig.  6) ;  the  ceratohyal  (e.hy.), 
as  in  the  Sloth,  is  undivided,  and  is  followed  by  a  longish  hypohyal  (h.hy.) ;  this 
is  pointed  at  its  distal  end,  and  joined,  lightly,  to  the  basal  piece ;  it  is  slightly 
ossified.  The  ceratohyal  is  largely  ossified ;  flattened  above,  and  united,  there,  by 
fibrous  tissue  to  the  epihyal ;  below  it  is  thick,  and  presents  a  flat  face  to  the  flat  face 
of  the  hypohyal,  where  there  is  a  joint  cavity. 

The  basihyobranchial  (b. h.br.)  is  U-shaped  ;  the  median  part  is  a  thick  wedge  of 
cartilage,  the  diverging  horns  are  solid,  round,  bony  rods,  tipped  with  cartilage — the 
thyrohyals  ( t.liy .). 

*  According  to  the  excellent  researches  of  Professor  Alexander  Fraser. 
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The  structures  seen  under  the  tegmen  (fig.  9)  are  the  incus,  malleus,  and  stapes 
(see  also  fig.  5),  where  they  are  shown  as  detached,  and  from  the  outside,  the  stapes 
dislocated  from  the  incus.  The  malleus  has  a  large  manubrium  ( m.ml .),  with  a  strong 
elbow  (posterior  angular  process,  p.ag.),  turned  towards  the  membrana  tympani.  The 
whole  of  the  process  is  set  on  to  the  head  of  the  malleus  at  more  than  a  right  angle  ; 
but,  from  the  round  bulbous  fore  part  of  the  head,  the  processus  gracilis  ( p.gr .)  is  con¬ 
tinued  straight  forwards ;  that  part  is  a  long  spatula,  dilating  forwards  as  it  runs 
towards  the  Glaserian  fissure.  It  has  been  much  larger,  1  have  no  doubt  (see  in  the 
Unau,  Plate  9)  ;  afterwards  it  is  absorbed  up  to  its  root  (see  Doran,  plate  64,  fig.  13). 

The  mutual  sinuosities  of  the  two  bones  at  their  junction  give  the  hinge  of  the 
malleus  with  the  incus  an  angular  appearance  (fig.  5,  i.,  ml.) ;  a  good  face  of  cartilage 
remains  at  this  part.  The  top  of  the  short  process  and  the  disk  of  the  long  process  of 
the  incus  (s.c.L,  l.c.i.),  are  still  unossified;  the  long  process  is  well  elbowed  before  it 
turns  inwards,  near  its  dilated  end ;  this  part  is  quite  normally  Mammalian. 

But  the  stapes  (st. )  is  not  normal;  the  hole  is  absent;  this  element  is  a  short  flat 
“columella,”  with  apex  and  base  still  unossified;  afterwards  (Doran,  op.,  cit.)  a 
feeble  vertical  fossa  forms  along  the  shaft  where  a  groove  is  shown.  Now  and  then  this 
bone  becomes  almost  a  “  stapes.”  Here  we  are  on  the  level,  or  height,  so  to  speak,  of 
the  Metatheria.  There  is  a  small  interhyal  ( i.hy .)  on  the  neck  of  the  stapes. 

Returning  to  the  large  vertical  section  (fig.  7)  and  its  partial  counterpart  (fig.  8)  we 
see  that  the  nasal  labyrinth  is  quite  normal  and  not  badly  developed  ;  the  nasal, 
inferior,  middle,  and  upper  turbinals  (fig.  8,  n.tb.,  i.tb.,  m.tb.,  u.tb.)  are  all  well  formed, 
although  the  complication  of  the  last  two  regions — parts  of  the  true  olfactory  region 
— is  not  great ;  these  coils  of  cartilage  are  quite  unossified,  so  that  my  largest  specimen 
must  have  been  very  young. 

In  the  main  section  (fig.  7)  the  roof  bones  ( n.,f. ,  p.)  are  shown  to  be  rather  solid  ; 
the  nasals  overlap  the  frontals,  which  cover  the  olfactory  region  by  their  fore  part  (see 
also  fig.  2).  But  the  orbital  region  of  the  frontal,  and  the  temporal  region  of  the 
parietal  bones  are  developed  downwards  in  an  almost  Ophidian  manner,  so  that  a  little 
further  ingrowth  of  the  former  would  have  given  us  a  perfect  frontal  cincture — a 
state  of  things  not  absent  from  some  of  the  high  Eutheria.  The  parietal  comes  down 
and  lies  on  the  low  alisphenoid  ( al.s .)  by  a  broad  emarginate  process,  behind  which  a 
small  oval  intercranial  tract  of  the  squamosal  (sq.)  is  seen  ;  as  small  as  in  the  average 
Bird.  The  right  jointed  palatine  beam  is  seen  reaching  from  the  back  of  the  snout  to 
the  front  of  the  foramen  magnum,  the  series  forming  this  many-pieced  “  balk  ”  of 
bones  is  as  follows  :  the  premaxillary,  maxillary,  palatine,  and  pterygoid  ( px .,  mx.,  pa., 
pa.  read  pg.) ;  these  form  the  floor  of  a  continuous  canal,  which  opens  freely  into  that 
of  the  other  side,  all  along. 

There  is  a  small  bone,  the  front  paired  vomer  (figs.  7  and  10,  v'.),  right  and  left 
over  the  fore  part  of  the  double  channel — the  naso-palatine  canal,  and  behind  it  a 
grooved  bone,  the  vomer  (v.),  as  long  as  the  palatine  plate  of  the  maxillary;  right 
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and  left  of  the  hind  part  of  the  vomer  there  is  a  bony  plate ;  these  are  hind  paired 
vomers  (fig.  10, v.") ;  they  serve  to  unite  the  vomer,  proper,  with  the  ossifying  ethmoidal 
masses,  afterwards  ;  the  principal  or  proper  vomer  is  not  carinate  below  either  in  this 
type,  in  the  Armadillo,  or  in  the  Sloth  (see  Plate  2,  fig.  1  ;  Plate  3,  fig.  9 ;  Plate  5, 
fig.  6 ;  Plate  6,  fig.  9  ;  Plate  8,  fig.  8.). 

When  it  is  carinate  below,  the  vomer,  resting  upon  the  hard  palate,  keeps  up  the 
subdivision  of  the  nasal  passages,  so  far  back ;  whereas  in  these  Neotropical 
Edentates  these  passages  open  into  each  other  close  behind  the  snout.  Now  this  state 
of  things  is  not  seen  in  the  Palseotropical  kinds,  as  I  shall  soon  show,  and  as  these 
latter  agree  in  this  respect  with  the  Insectivora,  and  also,  as  in  one  of  their  Old 
World  forms,  the  Aard-Vark,  we  have  the  exceptional  “  interparietal  ” — so  large  and 
universal  in  the  Insectivora — it  seems  reasonable  to  suppose  that  we  have  in  the  Old 
and  New  World  Edentata  two  “  suckers ’’from  some  old  “root-stock,”  that  separated 
from  each  other  long  since,  diverging  and  breaking  up,  each  into  its  own  special  sub¬ 
division,  of  which  sub-division  we  have  only  two  genera,  representing  two,  families  in 
the  Old  World,  and  many  genera  and  several  families — especially  if  we  take  in  the 
extinct  kinds — in  the  New  World.* 

Manidal 

My  materials  for  working  out  the  skull  in  this  family  were  as  follows  : — 

First  Stage.  Embryo  of  Manis, - ?  sp.  ;  2f  inches  long,  snout  to  root  of  tail ; 

tail  itself  §•  inch  long  (Plate  1,  figs.  3,  4).f 

Second  Stage.  Embryo  of  Manis  brevicaudata  (from  Ceylon  ;  procured  for  me  by 
Mr.  Ward)  ;  4§  inches  long,  snout  to  root  of  tail;  head  If  inch  long;  tail 
2f  inches  (Plate  1,  figs.  5,  6). 

Third  Stage.  New-born  young  of  Manis  Temminckii;  head  2f  inches  long. 

Fourth  Stage.  Adult  Pangolin’s  skull,  Manis, - ?  sp. 

First  Stage. — Embryo  of  Manis, - ?  sp.  ;  2f  inches  long  (Plate  1,  figs.  3,  4). 

The  skull  of  this  very  immature  embryo  (Plate  11,  figs.  1-6)  differs  very  greatly 
from  anything  I  have  as  yet  seen  in  the  Mammalia ;  it  has  its  endocranial  parts  as 
abortive  as  its  ectocranial. 

*  In  the  present  state  of  my  slow  work  I  scarcely  can  hint  at  the  relation  of  these  Old  and  New 
World  Edentata  to  the  groups  below  and  around  them  ;  I  feel  sure,  however,  that  the  Aard-Vark  is 
the  nearest  to  the  Insectivora,  of  any  in  the  Order;  and  that  the  New  World  kinds,  generally,  and  the 
Old  World  Pangolins,  also,  are  nearer  to  the  Monotremes  than  to  the  Marsupials. 

t  The  youngest  Tatou  ( Tatusia  hybrida)  was  only  If  inch  long  from  snout  to  root  of  tail  (Plate  1, 
figs,  7,  8),  but  its  development  was  twice  as  much  advanced  as  this ;  the  Pangolins,  like  the  Aard-Vark, 
are  very  large  at  the  time  of  birth.  This  embryo  of  the  Pangolin,  for  which  I  am  indebted  to  Dr. 
Gunther,  is  therefore  my  proper  starting-point  in  tne  study  of  the  skull  in  the  Edentata.  In  the 
Insectivora,  Marsupialia,  &c.,  I  shall  describe  much  earlier  stages  than  this.  But  if  time  and  materials 
serve,  I  hope,  some  day,  to  add  an  appendix  to  the  present  paper,  giving  earlier  stages. 
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I  have  been  able  to  compare  it  with  the  early  skull— twice  as  advanced,  and  yet 
with  a  very  perfect  chondrocranium — in  the  Armadillo  and  the  Unau,  amongst  the 
Edentata. 

But  in  types  that  have  yet  to  be  described,  especially  the  Marsupials  and 
Insectivores,  I  find  early  crania  differing  in  various  ways,  but  quite  normal,  and  with 
a  well-developed  chondrocranium. 

In  the  Monotremes  I  have  the  most  important,  because  most  radical,  types  for 
comparison ;  but  in  both  genera — Ornithorhynchus  and  Echidna — in  young  two  or 
three  times  as  advanced  as  this  embryo,  the  chondrocranium  is  most  massive  and 
well  developed — almost  Dipnoan. 

Both  in  the  early  skull  of  the  Marsupialia  and  of  the  Insectivora  I  shall  be  able  to 
show  how  gentle  the  modification  is  of  a  Mammalian  skull  at  this  stage,  from  that  of 
the  embryo  Crocodile.  Even  if  that  good,  practically  fundamental  type  of  skull  of  a 
well-developed  Amniote  (see  Trans.  Zool.  Soc.,  vol.  xi.,  plate  65),  be  compared  with 
those  of  the  Tatou  and  Unau  just  described  (Plates  2  and  8),  it  will  be  evident  that  we 
have  in  the  chrondrocranium  of  that  Beptile  everything  we  want,  in  a  generalized  form, 
out  of  which  to  frame  (mentally)  the  much  more  specialized  skull  of  a  normal  Mammal. 

But  there  are  other  Sauropsida  whose  skulls  have  undergone,  in  various  ways,  the 
uttermost  degree  of  specialization — I  refer  to  the  Ophidia  and  Carinate  Birds. 

In  explaining  this  early  skull  of  the  Pangolin  and  also  its  latter  stages — even  that 
of  tire  adult — I  shall  have  to  show  a  parallelism  in  several  things  between  the  skull  of 
this  low  Eutherian,  and  of  those  two  extreme  forms  of  the  Oviparous  Amniotes — 
the  Snake  and  the  Flying  Bird. 

The  earliest  skull,  worked  out  by  me,  of  the  Ostrich  (Phil.  Trans.,  1866,  Plate  7), 
being  at  the  same  stage,  is  very  profitable  for  comparison  ;  yet,  when  all  is  done,  and 
the  likeness  of  this  skull  to  any  or  all  of  these  Sauropsidan  types  has  been  shown, 
there  will  still  remain  all  that  is  strictly  and  absolutely  Mammalian,  the  result  of  a 
transformation  of  various  parts  that  suggests  a  true  historic  metamorphosis  which 
once  lifted  up  the  Mammal,  when  just  emerging  from  its  low  larval  form,  far  above  the 
platform  of  the  other  Amniota — the  Sauropsida, — whether  scaly  or  feathered. 

The  lower  view  of  the  skull  (Plate  11,  fig.  1)  shows  that  the  nostrils  ( e.n .)  are  large, 
and  obliquely  inferior  in  position  ;  they  are  roofed  over  by  dilated  alinasals  ( al.n .), 
which  have  a  wide  base  (n. /). 

All  the  beginnings  of  the  ectoskeletal  tracts  are  fine  bony  films,  and  are  very  far 
from  investing  the  parts  they  are  intended  to  cover. 

The  premaxillaries  (px.)  are  small,  V-shaped  bones,  with  their  rounded  angle  fore¬ 
most  ;  them  proper  dentary  tract  is  no  larger  than  their  palatine  process,  which  is  short 
at  present ;  afterwards  (fig.  8)  it  is  long,  having  received  the  addition  of  the  small 
corresponding  anterior  paired  vomer  (fig.  1,  v.). 

Each  maxillary  ( mx .),  as  seen  from  below,  is  a  leafy  lanceolate  bone,  with  a 
notched  hinder  end  and  an  inferior  ridge.  This  ridge  is  the  closed  alveolar  region  ;  it 
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is  arched  outwards,  and  runs  from  end  to  end  of  the  bone,  its  hind  part  being  continued 
into  the  inner  fork  of  the  bone.  From  this  ridge  a  scooped  plate  runs  inwards  as  a 
palatine  flange  to  the  main  bone  ;  its  outline,  on  the  inside,  is  symmetrical  with  that  of 
the  alveolar  ridge.  The  right  aiid  left  lanceolate  palatine  plates  are  separated  by  a 
space  nearly  their  own  individual  width  ;  the  first  third  of  this  space  is  taken  up  by 
the  palatine  processes  of  the  premaxillaries  and  the  front  paired  vomers,  the  hinder 
two-thirds  is  occupied  by  the  vomer,  proper  ( v .),  the  outer  edges  of  which  rest  upon  the 
corresponding  palatine  plates  of  the  maxillaries.  The  vomer  is  split  in  front,  keeled  all 
along,  and  somewhat  trilobate  behind ;  it  is  a  stout,  shortish  bone.  The  nasal  capsules 
are  seen  inside  and  around  these  bones — side,  septum,  and  terminal  recesses  (al.s.p., 
al.e.) ;  the  septum  is  first  seen  where  it  begins  to  run  over  the  fore  part  of  the  vomer, 
and  the  proper  olfactory  region,  after  swelling  outwards  beyond  the  maxillaries,  runs 
inwards  over  the  sharp  forks  of  those  bones,  to  end  right  and  left  of  the  presphenoidal 
region  (p.s.). 

As  far  as  the  maxillaries  are  concerned,  this  skull  is  now  perfectly  ‘4 schizognathous ;  ” 
so  it  is  as  regards  the  palatines  ( pa .),  which  are  in  a  very  primitive,  quasi-reptilian 
condition.  Each  bone  is  falcate,  and  arched  inwards  ;  it  is  thicker  forwards  than 
behind,  is  a  sharp  wedge  in  front,  binding  obliquely  on  to  the  inside  of  the  inner 
sharp  process  of  the  maxillary,  whilst,  behind,  it  runs  outwards  as  a  fine  point  of  bone, 
binding  over  the  pterygoid  ( pg .).  Behind  the  vomer  ( v .),  the  palatines  are,  at  their 
nearest,  nearly  their  own  width  apart,  whilst,  further  back,  they  expose  the  whole 
width  of  the  basicranial  beam. 

The  palatal  series  is  completed  by  the  pterygoids  (pg.)  ;  these  bones  are  only  two- 
thirds  the  length  of  the  palatines,  of  the  same  thickness,  on  the  whole,  and  are  wider 
apart,  for  at  their  middle  they  elbow  out,  like  two  pieces  of  “  knee- timber.”  The 
fore  end  of  each  bone  is  sharp,  and  runs  obliquely  inside  the  palatine,  the  hind 
converging  part  is  rounded,  and  is  capped  by  a  truly  cartilaginous  remnant  of  its 
mother-tissue.  This  cartilaginous  hamular  process  is  common  in  the  embryos  of  low 
Eutheria.  It  is  a  slight  re-appearance  of  the  old  “ptery  go-quad  rate”  of  the  Ichthyopsida. 
The  rest  of  the  superficial  bones  seen  in  this  view  are  the  frontals  (f),  and  the 
squamosals  (sq.)  ;  the  former  are  turned  in  under  the  suborbital  ridge,  and  over  the 
orbit,  and  the  latter  are  applied  to  the  endocranium  opposite  the  pterygoids.  The 
frontals  are  very  partial,  however,  in  this  region,  and  only  partially  invest  the  arrested 
orbitosphenoids  (0.5.).  Behind  these  endo-  and  exo-skeletal  laminae  there  is  a  large 
lateral  fontanelle,  which  takes  up  most  of  the  posterior  region  of  the  orbital  space 
(see  also  fig.  3).  The  squamosals  are  distinguishable  from  those  of  a  Chick  by  the 
presence  of  a  small,  flatfish,  pyriform  tract  of  cartilage  attached  to  their  jugal  process  ; 
in  the  Chick  this  process  serves  for  muscular  attachment  merely  ;  here,  in  this  low 
Mammal,  we  have  the  “  glenoid  ”  facet  for  the  special  Mammalian  mandible,  at  its 
lowest  state  of  development. 

The  floor  and  sides  of  the  chondrocranium  are  largely  seen  in  this  view ;  I  have 
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already  spoken  of  its  nasal  or  olfactory  territories.  The  hind  part  of  the  perpendicular 
ethmoid  ( p.e .),  and  all  the  rest  of  the  basis  cranii,  is  displayed;  but  the  edges  of  the 
bar,  in  front,  are  hidden  by  the  inbent  palatines  ;  just  in  front  of  their  middle,  the 
presphenoid  (p.s.)  begins,  and  this  is  halfway,  exactly,  between  the  end  of  the  snout 
and  the  front  edge  of  the  foramen  magnum  ( fvn .).  If  the  postclinoid  wall  could  be 
seen,  it  would  be  found  to  be  half  way  from  the  end  of  the  former  to  the  foramen 
magnum ;  the  open  pituitary  space  ( py. )  is  a  little  in  front  of  it. 

A  little  in  front  of  that  primary  opening,  the  basicranial  beam  is  composed  of  three 
bars  melted  into  one ;  the  lateral  bars  are  the  trabeculm,  and  they  end  between  the 
widest  parts  of  the  ethmoidal  swellings  and  the  middle  of  the  vomer ;  thence  the 
basiseptal  mass  is  formed  of  the  azygous  intertrabecula. 

The  orbitosphenoids  are  trabecular  crests,  as  the  great  internasal  partition  is  an 
upgrowth  of  the  intertrabecula. 

In  the  Crocodile  and  Alligator  (see  Trans.  Zool.  Soc.,  vol.  11,  plate  64,  fig.  2, 
ti\,  o.s .)  the  orbitosphenoids,  are  seen  growing  directly  upwards  and  outwards,  from  the 
paired  trabeculae.  After  the  great  intertrabecular  crest  is  well  developed,  and  the 
trabeculae  become  thinned  out  on  its  sides,  right  and  left,  some  transverse  sections 
show  a  discontinuity  between  the  orbitosphenoids,  perched  at  the  top  of  the  crest, 
and  the  flattened  trabeculae  from  which  they  sprung  (ibid.,  plate  67,  figs.  2,  3). 

In  Serpents  (Phil.  Trans.,  1878,  Plates  28-31)  there  is  no  intertrabecula,  and 
the  nasal  roofs  dip  down,  and  coalesce  with  the  trabeculae,  which  become  fused  in  the 
internasal  region.  But  in  the  interorbital  region  the  trabeculae  persist  as  free  terete 
rods  of  cartilage,  and  both  the  orbitosphenoids  and  alisphenoids  arise  in  the  wall  of 
the  membrano-cranium  as  small,  free  patches  of  cartilage.  This  is  a  curiously 
abortive  and  arrested  condition  of  these  parts. 

Here  in  this  little  skull,  which  is  abortively  developed,  both  within  and  without,  the 
very  feeble  orbitosphenoids,  small  and  with  very  imperfect  angular  extensions, 
above  (compare  figs.  1  and  3  with  the  skull  of  the  embryo  of  Tatusia,  Plate  2,  fig.  1), 
are  articulated  to,  or  distinct  from,  the  proximal  part,  ending  above  it  in  a  bilobate 
process.  There  is,  however,  evidence  here  that  this  is  the  abortive  development  of  a 
type  above  the  Marsupials,  for  the  optic  nerve  (II.)  passes  through  a  ring  of  cartilage, 
and  not  through  a  common  optico-sphenoidal  fissure,  as  in  them. 

The  rest  of  the  sphenoid,  excluding  the  abortively  developed  orbitosphenoids,  is  a 
remarkable  structure.  The  basal  beam  is  very  wide,  and  has,  for  a  Mammal,  an 
unusually  large  and  almost  Sauropsidan  pituitary  hole ;  opposite  that  unfinished 
space  the  base  grows  out  into  a  pair  of  thick  rounded  ears  of  cartilage,  thicker  and  a 
little  wider  than  the  lateral  processes  of  the  presphenoid,  which  are  perforated  for  the 
optic  nerve.  A  rounded  notch  is  seen  both  in  front  of  and  behind  these  small  auriform 
alisphenoids  ( cd.s .),  and  these  notches  are  actual  foramina,  through  the  membrano- 
cranium  ;  the  foremost  is  the  sphenoidal  fissure  (V2.),  and  the  hinder  is  the  foramen 
ovale  (V3.),  only  a  foramen  as  it  respects  the  membrane,  not  the  cartilage.  But  the 
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hinder  of  these  passages  is  a  great  distance  from  the  mid-line,  and  has  a  considerable 
(proximal)  part  of  the  alisphenoid  between  it  and  the  proper  basis  cranii.  The 
breadth  of  the  investing  mass  or  parachordal  tract  behind  the  pituitary  opening  is 
nearly  equal  to  that  of  the  cochleae  (chi.) — those  diverticula  of  the  huge  auditory 
capsules.  The  notch  for  the  foramen  ovale  (V3.)  is  against  the  inner  third  of  the 
cochlea,  the  squamosal  reaches  the  outer  third,  and  then  increases  the  size  of  the 
tegmen  tympani  ( t.ty .),  the  incus  is  shown  in  that  space  overlapped  by  the  squa¬ 
mosal.  The  bulbous  cochleae  (chi.)  have  the  appearance  in  this  view  of  being  only 
composed  of  two  coils,  for  the  proximal  coil  is  very  large,  and  the  distal  is  not  marked 
off  from  the  second.  The  outline,  even  in  the  inner  face,  is  evident,  but  the  cartilage 
of  the  capsule  has  for  some  distance  coalesced  with  the  basal  plate  ( b.o .),  that  is,  along 
its  inner  edge,  from  the  foramen  ovale  (V3.)  to  the  opening  for  the  internal  carotid 
artery,  and  then  again  on  to  the  fissure  for  the  9th  and  10th  nerves  (for  X.,  XI.,  read 
IX.,  X.).  The  stapes  (see  also  figs.  3  and  6)  has  been  removed  from  the  fenestra  ovalis 
and  from  the  incus  (i.),  and  from  the  latter  the  primary  mandible  or  malleus  (ml )  has 
been  removed.  Thus  in  this  figure  the  pier  of  the  primary  mandibular  arch,  the 
quadrate— or,  speaking  specially  of  it  as  a  Mammalian  element,  the  incus — is  seen 
inside  the  posterior  radiations  of  the  squama  temporis  (sq.).  Its  position  here  in  this 
very  simple  kind  of  Mammalian  skull  is  well  worthy  of  consideration. 

If  we  take  the  short  crus  of  the  incus  as  the  equivalent  of  the  “  otic  process  ”  of  the 
quadrate,  and  the  long  crus  as  a  special  Mammalian  modification  of  the  incus  for 
articulation  with  the  head  of  the  stapes  (  =  extra  stapedial  process  of  the  columella,  see 
in  Chameleon,  Trans.  Zool.  Soc.,  vol.  xi.,  plate  16),  and  remember  that  in  the 
Mammal  the  “  orbital  process  ”  is  suppressed,  we  shall  see  clearly  what  these  things 
mean.  In  all  essentials,  everything  is  the  same,  here,  as  in  the  Fowl  (Phil.  Trans., 
1869,  Plate  81). 

The  body  of  the  incus,  which  articulates  with  the  primary  mandible,  is  opposite  the 
middle  of  the  cochlea ;  the  long  crus  runs  inwards  to  join  the  stapes — or  columella i  in 
this  case  (see  fig.  6)— and  the  short  crus  or  otic  process  runs  backwards  over  the  stapes 
and  fenestra  ovalis,  so  as  to  get  behind  the  ampulla  of  the  horizontal  canal  (see  fig.  3, 
li.s.c. ;  and  in  the  Fowl,  op.  cit.,  Plate  81,  fig.  5,  q.,  h.s.c.).  The  fenestra  rotunda,  in  this 
figure,  is  hidden  from  sight  by  the  small  rounded  epihyal  (  e.hy.)  which  is  already 
confluent  with  the  capsule  ;  behind  it  the  facial  nerve  (VII.)  escapes  through  the  stylo¬ 
mastoid  foramen,  giving  off  in  its  escape  the  chorda  tympani  to  join  the  3rd  branch 
of  the  5th  nerve  inside  the  primary  mandible.  In  spite  of  the  intrusion  of  the  auditory 
capsules,  and  their  tilted  position,  the  cranial  nerves  make  their  escape  in  a  very 
orderly  manner.  Here  the  facial  nerve  (VII.)  although  thrust  far  outwards — having  to 
bore  its  way  through  the  forepart  of  the  capsule,  from  the  meatus  internus,  and  then 
travel  backwards,  under  the  tegmen  tympani,  yet  manages  to  escape  into  the  face 
a  considerable  distance  in  front  of  the  9th  and  10th  nerves  (IX.,  X.). 

The  opisthotic  region  (op.)  behind  and  outside  the  cochlea  is  very  large,  and  the 
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canals  (see  also  figs.  3  and  4),  are  very  conspicuous,  shining  through  the  hyaline 
cartilage.  Outside  the  innermost  lobe  of  the  capsule,  the  ampulla  and  ascending  part 
of  the  arch  of  the  posterior  semicircular  canal  ( p.s.c .)  is  seen,  and  in  front  of  it,  more 
outward,  the  hind  part  of  the  horizontal  canal  ( h.s.c .),  which  arches  over  the  incus. 

At  present,  the  hind  skull  is  a  funnel-shaped  structure,  as  though  it  were  a 
detached  and  enlarged  part  of  the  spinal  column.  Along  its  wide  floor,  the  basi- 
occipital  region  ( b.o .),  the  notochord  (nc.)  still  persists,  and  runs  more  than  halfway 
to  the  pituitary  hole  (py.) ;  it  enlarges  somewhat  whilst  in  the  parachordal  channel, 
and  then  ends  in  a  point.  Plight  and  left  of  its  hind  part,  at  a  moderate  distance  from 
each  other,  the  occipital  condyles  ( oc.c .)  are  seen  to  be  sub-crescentic  thickenings  of  the 
infero -lateral  margins  of  the  chondrocranium  ;  above  and  behind  them,  the  roof  ( s.o .), 
imperfect  behind,  is  ossified  by  a  median  osseous  centre.* 

The  lateral  occipital  region  (e.o.)  is  but  little  raised  as  a  paroccipital  ridge ;  it 
is  notched  for  the  9th  and  10th  nerves  (IX.,  X.) — the  foramen  being  in  the  inter¬ 
space  of  the  arch  and  the  auditory  capsule — and  perforated  a  little  further  backwards 
and  inwards  for  the  12th  nerve  (XII.).  This  would  have  been  a  pure  chondrocranium 
but  for  the  premature,  single  supraoccipital  centre  (s.o.). 

The  upper  view  (fig.  2)  shows  the  wide  alinasal  region  ( al.n .)  followed  by  the  more 
contracted  double  tube  of  the  aliseptal  territory  ( al.sp .),  and  this  gradually  widening 
into  the  aliethmoidal  ( al.e .),  which  swells  on  each  side  of  the  face  in  front  of  the  orbits, 
and  contains  the  upper  and  middle  turbinals.  The  pyriform  cranium  has  the  broad,  partly 
ossified  supraoccipital  (s.o.)  for  its  base,  and  shows  the  deficient  chondrification  (s.o.n.) 
over  the  foramen  magnum  (see  also  fig.  4).  The  fore  margin  of  this  convex  wall  is  sinuous, 
concave  right  and  left  of  the  middle,  but  with  a  convex  margin,  there,  on  each  side. 
The  ethmoidal  and  supraorbital  regions  are  covered  with  bony  films;  and  also  the  right 
and  left  third  of  the  most  swollen  part  in  front  of  the  supraoccipital.  Three  pairs  of 
these  centres  are  visible  from  this  aspect,  the  nasals,  frontals,  and  parietals  p.). 

The  very  small,  short,  nasals,  are  both  in  form,  position,  and  relative  size  like  those  of 
a  Bird,  being  deeply  notched  in  front.  But,  in  a  Bird,  these  forks  embrace  the  upper 
part  of  the  external  nostril,  and  between  the  nasals  the  premaxillaries  send,  each,  a 
long  lathy  process — the  nasal  process  (see  in  the  Fowl,  Phil.  Trans.  1869,  Plate  86, 
fig.  15).  The  Mammal  has  that  process  arrested,  and  the  premaxillaries  run  under  the 
outer  edge  of  the  nasals,  and  only  have  that  extra-nasal  process,  large  in  certain  types, 
e.g.,  the  Hare  and  Rabbit. 

The  frontals  (fig.  2,/!)  here  lie  over  the  orbital  region,  looking  like  the  dislocated 
valves  of  a  Bivalve  ;  they  do  not  meet  in  the  middle,  above  and  in  front ;  beyond  their 


*  A  rare  character — normal  in  Reptiles,  "but  as  rare  in  Birds  as  in  Mammals ;  I  have  only,  as  yet, 
found  it  in  one  genus  of  Birds,  namely,  Turdus — the  Thrushes  (see  Monthly  Microscopical  Journal,  1873, 
plate  9,  pp.  102-107). 

In  this  figure  of  the  skull  of  the  embryo  Pangolin  (Plate  11,  fig.  1,  s.o.)  the  roof  with  its  bony  tract  is 
figured  as  it  appeared  in  the  flattened  preparation ;  figs.  2-4  correct  this. 
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middle  they  diverge  rapidly,  so  do  the  parietals  {p.)  behind  them,  but  they  are 
separated  by  a  much  wider  space,  almost  equal  to  their  own  width.  Hence  the 
fontanelle  (fo.)  is  very  large,  has  a  narrow  median  limb  in  front,  and  a  postorbital,  and 
a  supraoccipital  pair  of  transverse  limbs  ;  above,  the  median  part  is,  over  the  vertex, 
dilated  as  a  wide  lozenge-shaped  space. 

But  these  things  are  seen  also  in  an  instructive  manner  in  the  side  view  (fig.  3). 
The  narrowish  snout  is  but  little  turned  downwards,  it  very  suddenly  passes  from  its 
short  aliseptal  region  into  the  swelling  ethmoids  ( al.e .).  In  front  ( al.e .)  the  alinasals 
form  a  crescentic  portico  over  the  sub-inferior  nostrils  ( e.n .).  Behind  these  parts — the 
snout,  proper — the  swelling  caused  by  the  inferior  turbinal  at  the  side,  arches  upwards 
and  outwards  from  the  semicylindrical  upper  tract  ( al.sp .),  which  contains  the  nasal 
turbinal;  behind  this  is  the  bulbous  olfa.ctory  region  {al.e.),  the  narrow  end  of  which 
( m.tb .)  can  be  seen  in  the  fore  part  of  the  orbit,  below.  The  small  forked  nasal  (n.)  is 
seen  to  be  a  long  way  behind  the  external  nostril  {e.n.),  and  a  good  distance  from  the 
ascending  toothed  edge  of  the  maxillary  “scale”  {rnx.),  in  front  of  which  is  the 
narrow,  oblique,  ascending  part  of  the  premaxillary  ( px .). 

The  frontal  {/.)  is  moulding  itself  upon  the  orbital  recess,  and  has  a  neat,  super¬ 
orbital  edge  ;  the  bone  is  pinched  in  in  front  of  that  part.  The  toothed  edges  of 
these  osseous  scales — the  frontals  and  parietals — nearly  touch  in  the  postorbital 
region.  Under  the  inturned  part  of  the  frontal,  the  cartilage  {o.s.')  lines  the  orbit, 
and  just  shows  itself  beyond,  at  the  edge  of  the  temporal  region.  Below,  in  the 
postero-inferior  recess  of  the  orbit,  the  optic  nerve  (II.)  can  be  seen  emerging  through 
its  ring  of  cartilage  ( o.s .);  it  rests  upon  the  thickish  palatine  bone  {'pa.).  A  large 
lozenge-shaped  space  is  seen  between  the  frontal,  parietal,  and  squamosal  {/.,  p.,  sq.) ; 
the  latter  hardly  reaches  the  parietal  in  the  temporal  region,  and  is  altogether  a  very 
jagged  plate.  Its  jugal  process  runs  outwards  and  forwards  and  shows  its  small 
pyriform  glenoid  facet  ( gl.f )  ;  its  posterior  part  runs,  splintery,  over  the  face  of  the 
auditory  capsule,  hiding  the  ampullae  of  the  anterior  and  horizontal  canals  {a.-s.c., 
h.s.c.).  But  the  hinder  part  of  the  latter,  and  the  junction  of  the  anterior  and 
posterior  canals  (p.s.c.) — the  latter  displaying  its  ampulla — all  these  are  clearly  seen  in 
this  view,  and  also  that  the  capsule  itself  is  not  much  tilted,  at  present.  The  cochlea 
{chi.),  with  its  coils,  and  the  pterygoid  {pg.)  with  its  cartilaginous  cap,  are  seen  under 
the  squamosal.  Behind  the  swelling  capsule,  the  large  occipital  arch  shows  an 
unusual  amount  of  its  surface  in  this  aspect ;  it  is  a  short,  wide  tube. 

Above,  the  bony  supraoccipital  {s.o.)  is  partly  seen  ;  laterally,  this  broad  arch  shows 
its  sinuous  edge  behind  the  parietal,  coming  down  to  unite  with  the  capsule  above  the 
junction  of  the  two  upper  canals  {a.s.c.,  p.s.c.).  The  two  parts  of  cartilage  are  con¬ 
fluent  along  the  hind  margin  of  the  capsule,  and  here  the  exoccipital  region  {e.o.)  is 
thickened  obliquely,  upwards  and  backwards,  into  a  low  paroccipital  ridge ;  the 
condyle  {oc.c.)  is  here  seen  in  its  upper  part. 

The  incus  (i.)  is  seen  just  peeping  from  under  the  postero-inferior  corner  of  the 
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squamosal;  the  malleus  (ml.)  has  been  dislocated  from  it,  and  also  the  new  ramus 
from  its  zygomatic  or  glenoid  facet  (figs.  3  and  6  ;  in  the  former  these  parts  are  seen 
from  the  outside,  in  the  latter  more  magnified  figure,  from  within).  The  superficial 
secondary  mandible  (cl.)  is  lesser  than  the  deep  primary  rod  (mk.) ;  it  is  applying  itself 
to  the  upper  and  outer  face  of  that  rod,  and  in  front  is  composed  of  two  delicate 
tracts  of  bone,  the  inner  and  lower  of  which  (sp.,  line  too  short)  corresponds  to  the 
separate  splenial  of  the  Ovipara.  But  the  main  part  of  the  ramus  is  a  thickish 
lanceolate  tract  of  hyaline  cartilage ;  an  “  inferior  labial,”  part  of  which  tract  has 
already  become  segmented  off  to  form  the  glenoid  facet. 

Meckel’s  cartilage  (mk.)  has  united  with  its  fellow  in  front,  and  the  two  have  an 
azygous  rod  in  front  of  them,  a  hasi mandibular  (h.mn.).  The  whole  rod  is  sinuous, 
and  thickens  gradually  backwards;  the  last  fifth  is  behind  the  “ramus,”  and  is  the 
part  which  becomes  the  malleus  (ml.).  Then  the  rod  is  arched  upwards,  and  thence 
swells  into  a  head,  or  articular  portion,  with  a  saddle-shaped  condyle  ;  from  the  head 
there  arises  a  long  and  a  short  process — internal  and  posterior  angular  processes, 
which  become  the  manubrium  mallei  ( m.ml .).  The  long  process  forms  an  acute  angle 
with  the  main  rod,  and  ends  in  a  slight  dilatation  in  the  middle  of  the  developing 
membrana  tympani  ( m.ty .),  in  the  fore  margin  of  which  a  slight  arc  of  bony  cells  is 
seen,  the  annulus  (a.ty.).  Under  the  proximal  part  of  the  rod  a  fine  tract  of 
membrane-bone  is  seen,  the  first  appearance  of  bone  to  form  the  malleus  (=  the 
ectosteal  “  articulare  ”  of  the  Ovipara). 

The  quadrate  or  incus  (i.)  is  a  quadrilobate  segment  of  cartilage,  binding  against 
the  malleus  by  the  two  front  lobes,  articulated  to  the  tegmen  tympani  by  the  postero- 
superior,  and  applying  its  inturned  postero-inferior  lobe,  which  has  an  orbicular  facet  at 
its  end,  to  the  head  of  the  stapes.  The  latter  part  (st.)  is  oval  in  its  base  or  proximal 
part,  and  then  its  short  solid  stem  dilates  in  an  orbicular  manner  to  articulate  with 
the  incus. 

That  is  the  pharyngohyal ;  the  epihyal  is  seen  from  below  as  a  small  lobe  of  car¬ 
tilage,  confluent  with  the  ear-capsule,  and  forming  a  small  bridge  for  the  facial  nerve 
to  pass  over  (fig.  1,  e.liy.,  YII.).  The  next  segment  is  the  ceratohyal  (fig.  5,  c.hy.),  it 
is  fibrous  above,  and  instead  of  having  an  extra  segment,  above,  and  a  hypohyal, 
below,  as  in  most  Mammals,  there  is  but  one  piece  altogether.  The  basal  piece 
(b.li.hr.)  is  also  very  rudimentary,  being  a  bent  [J -shaped  rod,  with  very  short 
continuous  crura  (t.hy.). 

Now  in  such  an  aberrant  and  feebly  developed  face  as  this,  we  can  the  better  com¬ 
pare  the  Mammal  with  the  Bird.  In  the  latter  the  epihyal  (  =  stylo hyal)  cartilage  is 
also  short ;  it  does  not,  however,  form  an  adhesion  with  the  auditory  capsule,  but 
with  a  slender  outgrowth  from  the  neck  of  the  columella  (  =  stapes)  (see  “  Bird’s 
Skull,”  Part  II.,  Trans.  Linn.  Soc.,  ser.  2:  Zook  vol.  i.,  Plate  20,  figs.  7,  and  8-11). 
That  outgrowth — the  infrastapedial  band — is  represented  in  Fishes  by  the  interhyal, 
a  segment  which  re-appears  in  the  Mammal,  and  becomes  wrapped  up  amongst  the 
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fibres  of  the  tendon  of  the  stapedius  muscle.  In  the  Bird  the  stapes,  or  columella, 
has  not  a  flat  head,  but  a  tongue-like  process  (extrastapedial),  which  sends  upwards 
at  its  base  a  forked  spike  (suprastapedial). 

The  ceratohyal  is  not  distinct,  in  the  Bird  (as  in  Manis),  from  the  hypohyal,  but  this 
feeble  distal  rod  does  not  end  abruptly  and  articulate  with  a  transverse  basal  piece  ;  it 
runs  forwards  into  the  substance  of  the  tongue,  meeting  its  fellow,  there,  at  an  acute 
angle ;  whilst  the  basal  piece  is  longitudinal,  and  fits  into  the  sharp  re-entering  angle 
formed  by  the  two  ceratohyals.  The  long  basal  piece  is  divided  into  what  represents 
two  basibranchials  ;  and  where  the  two  segments  meet,  there  is  given  off  a  large, 
segmented,  gill-less  1st  branchial  arch. 

In  the  Bird  the  distal  basibranchial  forms  the  support  for  the  thyroid  cartilage  ;  in 
the  Mammal  it  is  supported  by,  and  articulated  to,  the  paired  hypobranchials  of  fhe 
aborted  3rd  arch  (  =  1st  branchial). 

The  end  view  of  this  skull  (Plate  11,  fig.  4)  is  suborbicular — sinuous  below — 
gently  convex,  and  leans  forwards  above  where  the  supraoccipital  joins  the  parietals 
(s.o.,  p.).  These  latter  are  just  seen,  above,  and  so  also  are  the  squamosals  (sq.)  at 
the  sides.  The  foramen  magnum  (fm.)  is  large  and  oval,  with  the  long  diameter 
vertical ;  it  has  a  small  deficiency  in  its  upper  outline,  which  leads  to  a  circular 
membranous  space — “  the  median  occipital  fontanelle  ”  so  familiar  in  certain  Birds, 
e.g.,  Pigeon,  Owl,  &c.  (see  Trans.  Zool.  Soc.,  vol.  v.,  plate  34,  fig.  2;  plate  35,  fig.  1 ;  and 
plate  37,  fig.  6,  m.o.f.).  Over  this,  from  edge  to  edge,  the  cartilage  has  become 
ossified,  by  the  azygous  supraoccipital  ( s.o .),  which  is  two -winged  above,  and  forked 
below,  the  forks  holding  the  fontanelle,  like  pincers.  The  rest  of  the  occipital  cartilage 
( e.o .,  b.o.)  is  free  from  bony  deposit;  in  the  middle  of  the  basal  plate,  under  the 
foramen  magnum  (fm.),  the  notochord  (nc.)  can  be  seen  lying  on  the  upper  part  of  the 
thickness  of  the  floor.  The  exoccipital  region  is  very  slightly  raised  into  a  par- 
occipital  ridge,  right  and  left,  and  is  well  marked  off  from  the  auditory  capsules,  in 
which  are  seen  the  posterior  and  horizontal  canals  ( p.s.c .,  h.s.c.).  Underneath,  in  the 
distance,  the  cochleae  (chi.)  swell  the  bottom  of  the  skull,  right  and  left. 

Second  Stage. — Embryo  of  Manis  brevicaudata ;  4|  inches  long,  from  snout  to  root 

of  tail  (see  Plate  1,  figs.  5,  6). 

The  under  view  of  the  skull  at  this  stage  (Plate  11,  fig.  8),  which  is  twice  as 
advanced  as  the  last,  shows  a  great  approach  to  the  permanent  condition. 

The  inferior  nostrils  (e.n.)  are  protected  by  a  rounded  but  quite  simple  alinasal 
fold,  and  they  approach  each  other  more  closely  now,  right  and  left  of  the  alate 
floor.  Part  of  the  aliseptal  region  can  be  seen  right  and  left  of  the  front  bones 
of  the  face — the  premaxillaries  (px.).  These  bones  (px.)  are  very  feeble,  and  are 
composed  of  an  outer  and  an  inner  stalk ;  in  the  rounded  re-entering  angle,  formed  by 
the  two  stalks,  the  opening  of  “  Jacobson’s  organs”  (j.o.)  can  be  seen.  The  narrow 
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fore  part  of  the  bone  in  its  toothless  alveolar  region  runs  with  its  fellow  close  up  to 
the  alate  alisnasal  floor ;  it  broadens  to  send  upwards  and  backwards  (see  also 
fig.  7,  px. )  its  falcate  facial  plate.  The  palatine  processes,  once  very  short  (fig.  1), 
are  now  extremely  long,  they  have  evidently  made  their  hind  part  from  the  paired 
front  vomers  (fig.  1,  v . ).  Two-fifths  of  the  palatine  plate  of  each  maxillary  (rax. ) 
comes  short  of  the  mid-line,  and  exposes  the  long  styles  running  backwards  from  the 
premaxillaries.  The  rest  of  these  plates  is  complete,  the  termination  of  them 
behind  is  in  sharp  wedges  that  run  between  the  palatines  (pa.).  The  region  between 
the  thick  edentate  margins  of  the  palate  is  elegantly  lanceolate,  and  is  more  than  a 
third  of  the  general  width  of  the  face  as  seen  from  below  ;  it  is  also  high  or  arched, 
for  the  fore  palate  in  this  type  is  very  hollow.  The  arched  alveolar  ridges  turn 
inwards  to  clamp  the  fore  part  of  the  palatines  (pa.),  and  outside  the  ridges  the  bone  is 
seen,  right  and  left,  expanding  in  a  roughly  convex  manner  to  form  the  large  facial 
plate  (see  also  fig.  7,  mx.).  That  plate  swells  suddenly  over  the  lateral  ethmoidal 
masses,  and  in  the  widest  part  is  burrowed  below  for  the  2nd  branch  of  the  5th 
nerve  (V2.).  The  ridge  from  the  infraorbital  opening  of  that  burrow  runs  backwards 
and  outwards,  and  ends  hi  a  short,  free,  blunt  zygomatic  process,  on  which,  in  this 
stage,  I  find  no  trace  of  a  jugal  bone.  The  palatines  (pa.),  as  seen  from  this  aspect, 
are  as  long  as  the  palatine  region  of  the  maxillaries.  A  considerable  right-angled 
space  divides  the  two  bones  behind,  and  a  more  acute-angled  gap  receives  the 
maxillaries  in  front. 

They  are  somewhat  pinched  in,  laterally,  are  slightly  bevelled,  externally,  in  front, 
and  form  a  low  ridge  outside  ;  each  bone  is  gently  hollowed  towards  its  fellow  ;  the 
two  unite  and  carry  on  the  median  suture  of  the  hard  palate,  which  is  half  the 
length  of  the  basis  cranii,  including  the  snout.  This  view  only  gives  half  the 
extent  of  the  palatine  bones  (see  fig.  7,  pa.)  which  have  a  large  orbital  develop¬ 
ment.  The  pterygoids  (pg.)  have  only  the  average  development,  their  external 
outline  is  concave  as  in  the  case  of  the  palatines ;  their  lower  edge  is  thick,  and  they 
have  a  free  hamular  process,  capped,  still,  with  cartilage;  they  are  two-thirds  the 
length  of  the  palatines  ;  they  still  overlap  the  cochleae  (chi.).  Two  large  bony  tracts 
can  be  seen  on  each  side,  the  orbital  plates  of  the  frontals  (f),  and  the  zygomatic 
and  postglenoid  regions  of  the  squamosals  ( sq .).  The  hind  part  of  the  nasal  capsules 
(m.tb.)  are  still  uncovered  in  the  inner  part  of  the  orbital  floor,  the  infraorbital 
nerve  (V2.)  is  seen  running  under  this  tract  right  and  left.  The  pyriform  glenoid 
facet  (gl.f.)  in  the  back  of  the  zygomatic  stump  of  the  squamosal  (sq.)  is  now  large, 
and  the  bone,  after  swelling  to  enclose  the  facet,  contracts  into  a  neck,  and  then, 
hollow  within,  overarches  the  auditory  capsule  ;  the  bony  eave  reaches  back  beyond 
the  stylomastoid  foramen  (VII.)  Inside  the  orbital  plate  of  the  frontal  a  large 
exposed  part  of  the  osseous  orbitosphenoid  (o.s.)  is  shown  as  a  rounded  wing  right 
and  left.  The  optic  nerve  (II.)  is  escaping  from  its  inner  part,  and  its  edge  in 
front  is  notched  for  the  re-entering  orbitonasal  nerve,  which  emerges  from  the 
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skull  at  the  sphenoidal  fissure  with  the  2nd  branch  of  the  5th  (V1,  2.).  The  pre- 
sphenoidal  region  ( p.s .)  is  still  unossified ;  it  can  be  seen  between  the  diverging 
palatines.  The  posterior  sphenoid  stretches  across  the  whole  inter-glenoidal  region, 
outside  and  inside  the  pterygoids.  The  basisphenoid  (b.s.)  has  ossified  three-fourths 
of  its  proper  territory ;  it  is  emarginate  both  before  and  behind.  Nearer  the  eye 
than  the  orbital  wing  ( o.s .),  each  alisphenoid  (V1,  2.  to  V3.)  reaches  the  squamosal  in 
front,  and  is  then  deeply  notched  for  the  3rd  branch  of  the  5th  nerve  (V3.).  This 
notch  is  protected  by  bone  behind,  which  runs  between  the  nerve  and  the  auditory 
capsule  (chi.)  ;  on  the  outside  the  foramen  ovale  is  finished  by  other  parts,  it  merely 
notches  the  outer  edge  of  the  alisphenoid  bone.  In  this  figure  the  left  annulus  and  its 
related  parts  are  shown ;  whilst  on  the  right  side  of  the  head — left  of  the  figure — 
the  lower  face  of  the  capsule  is  exposed. 

The  annulus  ( a.ty .)  is  a  wide  U-shaped  tract,  thickened  at  the  end  of  its  inturned 
cornua ;  the  foremost  of  these  is  notched  to  let  Meckel’s  cartilage  (mk.)  pass. 
This  is  drawn  as  cut  across.  The  narrow  annulus  leaves  a  wide  and  exposed  drum 
membrane  ( m.ty .),  in  which  we  see  a  long  manubrium  mallei  proceeding  from 
the  head  of  the  malleus  (ml.),  which  articulates  with  the  incus  (i. )  under  the  double 
tegmen  formed  by  the  squamosal  (sq.)  outside  and  the  capsule  within.  The  cochlea 
is  exposed  on  the  inner  side  of  the  annulus,  and  where  the  pterygoid  (pg. )  overlaps 
these  parts,  there  the  Eustachian  aperture  opens  into  the  throat.  The  cochlea  and 
vestibule  (chi.,  op.)  are  large  and  normal;  they  are  quite  unossified;  the  fenestra 
ovalis  (fs.o.)  is  large ;  outside  it  is  the  passage  for  the  7th  nerve  {VII.),  which  escapes 
through  the  stylomastoid  foramen  behind  the  small  epihyal  (e.hy.)  ;  the  rounded 
part  behind  that  opening  (op.)  contains  the  ampulla  of  the  posterior  canal.  A  band 
of  cartilage  separates  the  fenestra  ovalis  (fs.o.)  from  the  fenestra  rotunda  (fr.),  which 
is  seen  behind  the  first  or  proximal  coil  of  the  cochlea  (chi.).  A  deep  groove  runs 
between  the  occipital  arch  and  the  capsule,  and  on  the  inner  side  of  the  vestibule 
both  parts  are  notched  to  make  a  common  passage  for  the  9th  and  10th  nerves  (IX., 
X.).  Behind  and  within  this  is  another  passage  or  hole  in  the  occipital  arch  within 
the  exoccipital  bone  (e.o.),  which  is  creeping  forwards  ;  this  is  for  the  large  hypoglossal 
nerve  (XII.).  Thence  to  the  edge  this  part  is  ossified;  and  the  bony  matter  runs 
right  and  left,  up  to  and  over  the  convex  arcuate  condyles  ( c.oc ).  But  a  very  wide 
band  of  cartilage  is  seen  continuous  with,  and  in  front  of  the  condyles,  margining  the 
foramen  magnum  (fm.),  and  ending  in  a  concave  margin,  where  the  basioccipital 
bone  (h.o.)  has  broadened  out  to  twice  its  interauditory  region.  That  bone  is  rather 
pinched  in  towards  its  fore  end,  where  it  is  notched,  and  has  a  fine  tubular  process 
in  the  notch  which  runs  much  of  the  distance  between  this  bone  and  the  basi¬ 
sphenoid  (b.s.) ;  that  process  is  the  ossified  sheath  of  the  fore  part  of  the  cranial 
notochord  (nc.) 

The  upper  view  (Plate  12,  fig.  1)  shows  how  greatly  the  investing  bones  have 
developed  since  the  early  stage  (Plate  11,  fig.  2).  The  facial  region  is  very  small 
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compared  with  the  cranial ;  the  whole  outline  is  pyriform.  The  nasal  capsule  is  still 
considerably  exposed,  the  whole  alinasal,  half  the  aliseptal,  and  part  of  the  alieth- 
moidal  parts  ( al.n .,  cil.s.p.,  al.e.)  still  being  visible.  But  the  forked,  ornithoid  nasals 
( n .)  have  more  than  doubled  their  size,  and  outside  them  the  premaxillaries  and 
maxillaries  {px.,  mx.)  just  show  their  upper  edge. 

The  nasals  and  frontals  ( n.,f. )  now  fairly  meet  in  the  middle,  and  the  frontal  suture  is 
now  of  considerable  extent;  behind  it  the  lessening  fontanelle  {fa.)  is  a  four-rayed  lozenge 
of  membrane.  The  postorbital  part  of  the  frontal  and  the  contiguous  part  of  the 
parietal  {p.)  are  too  convex  to  allow  the  squamosal  to  be  seen  in  this  view,  yet  it  is 
a  large  bone  (see  Plate  11,  fig.  7,  sq ).  There  is  a  fontanelle  in  the  lambdoidal  region, 
three-rayed,  and  half  the  size  of  the  other  ;  the  parietals  then  meet  for  about  half  their 
inner  margin  to  make  the  sagittal  suture.  The  hind  skull  lessens  one-third  to  form 
the  occipital  cincture  {s.o.)  which  is  largely  ossified  in  its  upper  part — more  than  half  of 
the  part  exposed  in  this  aspect ;  about  a  third  in  reality  (Plate  12,  fig.  2,  s.o.). 

The  side  view  (Plate  11,  fig.  7)  has  gained  a  more  normal  form  than  that  of  the 
early  stage  (fig.  3),  the  greater  development  both  of  the  deep  and  of  the  superficial 
parts  has  brought  this  about. 

The  large,  nearly  inferior,  circular  nostril  {e.n.)  is  seen  covered  by  a  crescentic  roof 
{cd.n.)  and  the  beginning  of  the  roof  and  side  of  the  great  nasal  tube  {al.sp.)  is  seen  in 
front  of  the  oblique  falcate  facial  plate  of  the  premaxillary  {px .)  which  is  pedate  in  front, 
where  it  forms  the  aborted  alveolar  region.  The  nasal  is  seen  over  the  olfactory  capsule 
just  reaching  the  frontal  {f.)  and  the  arched  top  of  the  facial  plate  of  the  maxillary 
{mx.),  which  thickens  below  to  form  the  edge  of  the  jaw,  and  sends  backwards  a  free 
zygomatic  process,  the  root  of  which  is  perforated  by  the  2nd  branch  of  the  5th  nerve 
(V2.).  The  top  of  the  maxillary  does  not  reach  the  frontal,  but  the  nasal  wall  {al.e.) 
outside  the  upper  turbinal  {u.tb.)  is  exposed  for  some  extent  there,  and  in  the  antorbital 
region,  showing  there  an  unossified  “pars  plana”  {m.tb.).  There  is  no  lacrymal  bone,  a 
rare  character  in  a  Mammal,  as  far  as  my  experience  goes.  The  well  formed  upper  and 
orbital  plates  of  the  frontal  {/.)  give  form  to  the  upper  half  of  the  orbit,  in  which  this 
bone  forms  roof  and  wall,  the  latter  is  a  large  rounded  tract.  The  upper  region  of  the 
frontal  has  a  very  large  postorbital  extension,  and  the  large  membranous  tract  seen 
there  in  the  immature  embryo  (fig.  3),  is  here  covered  by  the  frontal  and  squamosal, 
the  parietal  in  this  type  being  kept  well  out  of  the  temporal  fossa.  Thus  in  this  side 
view  the  parietal  {p.)  looks  scarcely  larger  than  the  squamosal  {sq.)  which  reaches 
nearly  as  far  backwards,  and  much  further  forwards,  than  the  great  upper  plate.'" 

The  squamosal  is  notched  behind  the  orbit  to  give  form  to  that  space,  and  is 
scooped  over  the  hinge  for  the  mandible  ;  the  rest  of  the  bone  is  evenly  convex  ;  it 
ends  behind,  like  the  parietal,  in  a  rounded  outline.  Under  the  orbit  the  large 

*  I  fail  to  understand  this  modification,  the  opposite  of  what  is  seen  in  the  Little  Anteater  (Plate 
10),  which  has  a  far  more  perfect  lower  jaw  than  the  Pangolin. 
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ascending  plate  of  the  palatine  (pa. )  is  seen ;  it  helps  the  maxillary  to  form  the  ant- 
orbital  bony  wall. 

The  hind  skull  now  leans  backwards,  above ;  it  is  very  convex,  and  has  its  upper 
and  middle  part  ossified  ( s.o .,  e.o.);  the  exoccipital,  a  broad  band,  runs  across  and  then 
downwards  behind  the  crescentic  convexity  of  the  opisthotic — which  encloses  the  pos¬ 
terior  canal  ( p.s.c .) — and  the  reniform  occipital  condyle  (oc.c.).  The  articulated 
mandible  and  the  ear-drum  hide  parts  seen  in  the  other  side  view  (fig.  3) ;  the 
annulus  ( a.ty .)  runs  inwards  and  downwards. 

The  outer  and  inner  mandibles  (here  seen  from  the  outside,  but  shown  in  their  inner 
aspect  and  more  enlarged  in  Plate  12,  fig.  4)  are  very  instructive  in  this  type,  at  this 
stage. 

Even  now  the  superficial  ramus  is  a  very  small  sinuous  bar,  with  a  considerable 
amount  of  cartilage  in  its  hinder  fourth,  into  which  the  dentary  (cl.)  runs,  ending  in 
a  point.  The  condyle  ( ccl.p .)  is  a  convex  pyriform  tract,  lying  lengthwise,  and  with 
the  narrow  end  forwards,  it  is  quite  similar  to  that  of  the  Echidna,  but  the  ramus 
itself  ( =  dentary)  is  less  developed  than  in  that  type,  although  stouter  ;  it  has  now 
no  rudiments,  even,  of  the  coronoid  and  angular  processes. 

In  this  figure  (Plate  11,  fig.  7)  the  parts  are  shown  in  situ  that  correspond  with 
what  we  see  in  the  embryo  Sauropsidan,  the  incus  or  small  quadrate  (i.)  is  just  seen 
in  front  of  the  epihyal  (best  seen  in  fig.  8,  e.hy.),  under  the  tegmen  tympani ;  also 
the  long  internal  angular  process  (m.ml.),  with  a  rudiment  of  the  posterior  spur, 
running  along  the  membrana  tympani,  and  Meckel’s  cartilage  running  under  and 
within  the  dentary,  which,  however,  has  been  made  largely  out  of  cartilage.* 

Meckel’s  cartilage  (Plate  12,  fig.  4,  mk.)  is  slenderer,  relatively,  its  thickest  part, 
now,  being  near  the  symphysis  ;  there,  meeting  with  its  fellow,  it  forms  a  considerable 
basimandibular  (figs.  4  and  5,  b.mn.). 

As  in  the  Green  Turtle  (Chelone  viridis )  the  ectosteal  articulare  (=  superficial  bony 
centre  of  malleus),  appears  first,  and  the  endosteal  centre  afterwards — in  that  Peptile 
several  years  afterwards.  The  head  of  the  malleal  end  of  the  Meckelian  rod  is  solid 
and  convex  ;  the  manubrium  (m.ml.)  is  slender  and  more  arcuate  than  in  the  early 
embryo  (Plate  11,  fig.  6),  and  the  lesser  posterior  process  is  more  indistinct.  The 
large  incus  (i.)  and  the  short,  columelliform  stapes  (st.)  are  unossified,  as  yet;  the 

*  I  Lave  never  found  an  “  inferior  labial  ”  cartilage  in  a  Reptile  ;  in  Birds,  however,  it  Las  turned  up  ; 
in  1843  I  found  and  figured  a  tract  of  this  kind,  of  an  oblong  shape,  over  the  middle  of  the  mandible  in 
the  Coot  ( Fulica  atra),  and  twenty  years  afterwards  I  dissected  out  the  same  thing  in  another  of  the 
Rallidge,  namely,  Gallinula  chloropus.  Now  one  thing  is  noticeable  in  this  comparison,  and  that  is  that  in 
the  Sauropsida,  as  far  as  I  have  seen,  Meckel’s  cartilage  simply  shrinks  and  dies  out  in  the  main  part 
of  the  mandible  in  front  of  the  “  articulare,”  and  does  not  ossify  and  become  a  direct  addition  to  the 
jaw.  Nor  can  I  find  any  actual  endosteal  ossification  of  Meckel’s  cartilage  in  the  distal  part  in  the 
Edentates,  although  the  part  that  is  ultimately  absorbed  directly  in  front  of  the  malleus  (=  articulare) 
is  separately  ossified  in  the  Unau  (Plate  9,  fig.  7)  ;  but  in  the  Insectivora,  and  even  in  Man,  a  large  tract 
of  Meckel’s  cartilage  ossifies,  and  then  unites  with  the  ramus. 
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interhyal  has  not  appeared,  up  to  this  time ;  but  abortively  developed  parts  are  often 
late.  The  inturned  neck  of  the  incus  is  curiously  alate.  The  base  of  the  stapes  is 
very  thick. 

The  distal  parts  of  the  hyoid  arch  (Plate  12,  fig.  3)  have  undergone  little  change 
except  as  to  size  and  solidity  (see  Plate  11,  fig.  5);  but  the  thyrohyals  ( t.hy .)  are 
more  incurved,  for  clasping  the  larynx. 

The  end  view  (Plate  12,  fig.  2),  as  compared  with  the  same  aspect  of  the  skull  in 
the  early  stage  (Plate  11,  fig.  4),  shows  considerable  progress  in  development. 

The  thick  parietals  (p.)  almost  meet  to  finish,  with  the  supraoccipital,  the 
lambdoidal  suture.  The  sq uamosals  (sq. )  now  show  considerably  from  the  end  ;  they 
have  gained  much  substance,  and  are  large  convex  plates. 

The  upper  half  of  the  face  of  the  great  occipital  arch  has  its  middle  third  occupied 
by  a  supraoccipital  bone  (s.o.),  shaped  roughly  like  an  hour-glass;  it  does  not  yet 
reach  the  foramen  magnum  ( f.m .),  but  the  fenestra  (or  fontanelle)  over  that  doorway 
is  now  a  mere  notch  in  the  lower  edge  of  the  cartilage. 

Nearly  half  the  space  from  the  lower  edge  ‘of  the  bony  supraoccipital  to  the 
occipital  condyles  ( oc.c .)  is  occupied,  below,  by  the  large  spreading  exoccipitals  ( e.o .). 
Their  upper  margin  is  sinuous,  their  outer  rounded,  and  the  large  outer  margin  runs 
over  the  opisthotic  convexity.  Below,  each  bone  runs  in  as  an  uncinate  tract, 
between  the  opisthotic  and  the  condyle ;  the  thickisli,  convex,  outer  edge  of  the  tract 
is  the  low,  indistinct  paroccipital  process.  The  opisthotic  tract,  which  has  taken  the 
form  of  the  enclosed  posterior  canal,  must  he  conceived  of  as  lying  some  distance  from 
the  eye  (see  also  Plate  11,  fig.  8),  and  the  bulbous  cochleae  (chi.)  as  still  further  off. 

This  stage  is  further  illustrated  by  a  vertically  longitudinal  section,  made  a  little  to 
the  left  of  the  mid-line  in  the  fore  half  (Plate  13,  fig.  12). 

We  see  at  once  in  this  figure  what  is  also  seen  in  the  side  view  (Plate  11, 
fig.  7),  namely,  that  the  snout  and  fore  part  of  the  nasal  capsule  is  considerably 
curved  downwards.  I  only  see  that  in  this  stage  and  in  this  species,  and  am  not  sure 
whether  there  is  some  specific  modification  in  this  case  ;  at  any  rate,  this  skull  thus 
repeats  a  character  seen  well  in  Cycloturus  (Plate  10,  fig.  7).* 

The  ethmoseptal  or  front  half  of  this  skull  is  one-fourth  longer  than  the  proper 
basiscranii  or  spheno-occipital  region.  In  the  early  stages  they  were  equal. 

Nowhere  is  the  intertrabecula,  or  thick  base  of  the  great  partition  ( p.e .,  s.n.),  more 
distinct  and  massive  than  in  this ;  but  for  its  crest,  it  would  be  almost  Cetacean.! 

*  These  lesser  modifications,  both  as  seen  in  species  and  in  stages,  are  almost  endless,  and  yet  none  of 
them  is  without  signification.  The  two  nine-banded  Armadillos  differ  in  this  respect,  for  Tatusia  peba 
(Plate  5,  fig.  6)  has  a  very  straight  snout,  whilst  the  closely  related  Tatusia  hybrida  has  it  considerably 
decurved  (Plate  2,  figs.  1  and  8,  and  Plate  6,  fig.  3). 

f  See  Eschricht’s  figure  of  the  shull  of  an  embryo  of  Balcena  japonica  in  a  posthumus  paper  published 
by  the  late  Professor  Reinhardt:  r‘Ni  Tavler  til  Oplysning  af  Hvaldyrenes  Bygning,”  tab.  ii.,  Copen¬ 
hagen,  1869. 
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The  alinasal  fold  ( al.n .)  runs  well  round  the  end  of  the  septum  (s .n.),  which 
shows  the  usual  fenestra  at  this  part  ( i.n.f. ) ;  behind  the  snout  the  alee  nasi  give  off 
from  their  base  the  usual  spoon-like  recurrent  cartilage  (rc.c.)  for  the  protection  of 
“Jacobson’s  organ.” 

Two  bones  protect  most  of  the  top,  but,  below,  the  middle  part,  only,  is  supported  by 
bone.  The  upper  are  the  nasals  ( n .),  and  frontals  (f),  the  lower  the  vomer  (v.) ;  I  did 
not  find  the  “  postero-lateral  vomers  ”  developed  in  this  stage ;  when  they  do  appear 
they  do  not  remain  distinct,  for  long  :  the  antero-lateral  vomers  had  evidently  already 
coalesced  with  the  premaxillaries  (Plate  11,  fig.  8).  The  floor  of  the  deep  olfactory 
recess,  or  cribriform  plate  (cr.p.)  has  been  cut  across;  but  it  will  be  seen  that  this 
section  leaves  a  large  triangle  of  cartilage  above  and  behind,  making  the  recesses 
appear  much  deeper  than  they  otherwise  would  do ;  this  forms  a  large  cartilaginous 
“  cristi  galli  ”  or  proximal  solid  part  of  the  falx  cerebri  (see  also  in  Tatusia  hybrida, 
Plate  2,  fig.  1,  cr.g.,  where,  however,  it  is  not  so  large  as  in  this  type.)* 

The  hemispheres  are  lodged  in  a  strong  box,  already  ;  the  fontanelle  (fo.),  and  the 
triradiate  suture  between  the  frontal,  parietal,  and  squamosal  (f,  p.,  sq .)  are  clearly 
seen,  and  the  growing  thickness  of  the  bones,  especially  of  the  parietal,  where  it  forms 
an  attachment  for  the  “  tentorium  cerebelli  ”  in  front  of  the  anterior  semicircular 
canal  (a.s.c.).  The  falcate  cartilage  over  the  low  bony  orbito-sphenoid  (o.s.',  o.s.)  still 
shows  its  distinctness  and  is  still  a  considerable  distance  behind  the  cribriform  plate, 
below.  The  bony  orbitosphenoids  (o.s.)  are  obliquely  oblong  and  are  turned  forwards 
and  outwards ;  the  large  optic  foramen  (II.),  well  surrounded  by  bone,  lies  low  down  ; 
the  basal  bar  ( p.s .)  is  not  ossified.  A  considerable  fenestra  (or  fontanelle)  still  exists 
over  the  sphenoidal  fissure  (V1,  3.),  not  yet  covered  over  by  the  frontal  and  squamosal. 
Under  the  latter  the  alisphenoid  (al.s.)  lies  outwards,  and  leans  forwards,  letting  the 
nerve  of  the  lower  jaw  (V3.)  pass  over  its  edge  at  the  hinder  fourth  ;  a  snag  of  bone 
protects  the  nerve  behind,  but  above,  it  escapes  through  a  notch.  The  basisphenoid 
(b.s.)  is  separately  ossified,  and  has  taken  up  much  of  the  cartilage  of  its  own 
territory ;  then  comes  a  tract  of  cartilage  three-fourths  as  long,  and  then  a  tract  of 
bone,  the  basioccipital  (b.o.). 

The  latter  bone  comes  far  short  of  the  foramen  magnum  (see  Plate  11,  fig.  8).  The 
fore  part  of  the  spheno-occipital  synchondrosis  is  thick,  forming  the  low  postclinoid 
wall.  In  the  large  “foramen  lacerum”  between  it,  the  alisphenoid,  the  squamosal, 
and  the  round  end  of  the  large  cochlea,  the  internal  carotid  artery  enters.  The  large 
auditory  capsule  is  separated,  above,  from  the  supraoccipital  ( s.o .)  by  a  deep  groove 
that  contains  the  “  lateral  sinus,”  and  is  partly  overlapped  by  the  posterior  ( tentorial ) 
edge  of  the  parietal,  and  lower  down  by  the  posterior  edge  of  the  squamosal. 


*  If  the  presphenoid  (p.s.)  were  crested,  like  this  part,  in  front,  then  we  should  have  a  cartilaginous 
septum  to  the  orbits,  as  in  the  Bird  (see  Phil.  Trans.,  1869,  Plate  81,  figs.  3,  4,  5)  ;  in  that  case  the 
cartilaginous  crista  galli  would  be  an  additional  crest  on  the  antero-superior  edge  of  this  vertical  orbital 
septum. 
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Thus  the  swelling  cochlea  (clil.)  has  made  itself  a  very  accurate  “nest”  in  the 
inferolateral  region  of  the  skull,  and  the  posterior  canal  (p.s.c.)  rising  up  from  its 
junction  with  the  anterior  ( a.s.c .)  pushes  itself  into  the  antero-internal  face  of  the 
exoccipital  (e.o.).  The  whole  arch  of  the  anterior  canal  is  seen,  and  the  fore  part  of 
the  space  under  it  is  well  scooped  for  the  “  flocculus.”  The  great  multiperforate 
“meatus  internus”  (VII.,  VIII.)  is  arched  over  by  a  convex  tract  of  cartilage;  below, 
the  entrance  is  floored  by  the  swelling  cochlea. 

The  whole  capsule  is  large  and  normal,  both  as  to  the  parts  shown,  and  also,  as  to 
the  degree  of  tilting  it  has  undergone  during  growth. 

The  hind  part  of  the  wall  formed  by  the  occipital  arch,  is  as  large  as  the  large 
preauditory  region,  walled  in  by  the  parietal  and  squamosal.  In  this  internal  side  view 
the  supraoccipital  bone  (s.o.)  looks  less  than  it  is,  but  the  band  of  cartilage  below  it 
shows  its  full  breadth.  The  middle  third  of  the  wall — nearer  the  bottom  than  the 
top — is  formed  by  the  exoccipital  (e.o.)  which  is  somewhat  of  an  hour-glass  shape.  It 
is  notched,  below,  for  the  large  12th  nerve  (XII.),  and  in  front  of  and  below  it  the 
common  nick  for  the  9th  and  10th  nerve  (IX.,  X.)  is  seen.  The  cartilage  between 
the  basioccipital  and  exoccipital  (b.o.,  s.o.)  is  narrower  than  the  tract  above,  but 
widens  out  behind,  to  lose  itself  in  the  large  convex  condyle  ( oc.c .). 

Third  Stage. — Newly-born  Pangolin  (Manis  Temminckii),  South  Africa; 

head  2 1  inches  long. 

This  young  Pangolin  was  born  in  captivity  in  its  native  country,  and  died  the  next 
day  (see  Proc.  Zool.  Soc.,  1878,  pp.  632,  633).  I  am  indebted  to  Dr.  Sclater  for 
this  very  valuable  specimen. 

This  type,  like  its  neighbour  the  Aard-Vark  ( Orycteropus ,  next  to  be  described), 
becomes  very  large  and  well  developed  before  birth,  and  the  skull  promises,  even  then, 
the  strength  it  ultimately  attains  to. 

The  lower  view  (Plate  12,  fig.  6)  shows  the  sutures  and  synchondroses  very  clearly, 
and  the  remarkable  shape  of  this  toothless  skull. 

The  alinasal  region  ( al.n .)  in  front  of  the  premaxillaries  (px.)  is  short,  and  but  little 
seen  in  this  aspect ;  the  nostrils  (e.n.)  are  now  more  lateral.  The  premaxillaries 
have  recovered  some  strength  and  size,  now  ;  them  marginal  and  palatine  parts  are 
stronger;  between  these  the  notch  for  the  opening  of  Jacobson’s  organ  is  rounded. 
The  maxillaries  (mx.)  soon  expand  into  broad  shoulders,  laterally,  after  which  the 
general  convexity  of  the  outline  of  the  skull  only  lessens  slightly,  a  little  behind  the 
junction  of  the  maxillaries  with  the  frontals  (/.),  and,  again,  behind  the  auditory 
capsules,  where  the  occipital  cincture  retains  its  great  similarity  to  the  skeletal 
segments  that  follow  it.  The  alveolar  ridge  is  now  a  sharp  balk  between  the  general 
convexity  of  the  upper  face,  and  the  general  concavity  of  the  hard  palate,  which  is  imper¬ 
fectly  developed,  but  in  a  manner  very  different  from  what  we  see  in  Marsupials  and 
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Insectivores,  where  this  floor  fills  in  well,  at  first,  and  then  suffers  large  absorption  in 
the  part  where  the  maxillaries  and  palatines  join.  If  we  compare  this  with  the  two 
previous  stages,  and  with  the  adult,  we  shall  see  that  there  is  a  steady  attempt  to  pass 
from  the  normal  primary  schizognathous  condition  to  the  normal  secondary  desmog - 
nathous  state,  and  that  in  this  curious  toothless  type  the  latter  is  never  attained  to — 
it  comes  short  of  the  mark  of  the  high  and  perfect  Mammalian  hard  palate.'5' 

Only  in  the  hinder  third  do  the  concave  palatine  plates  of  the  maxillaries  approxi¬ 
mate,  and  then  not  perfectly ;  in  the  front  third  they  fail  to  hide  the  palatine  spikes 
of  the  premaxillaries  which  run,  as  a  wedge,  far  into  the  angle  formed  by  those  bones. 
In  the  middle  third  they  are  divided  by  the  protruding  ridge  on  the  fore  part  of  the 
vomer.  The  scooped  part  of  the  maxillaries  inside  the  sharp  alveolar  edge  is  twice 
as  large  as  the  second  and  still  more  scooped  part  near  the  mid-line ;  where  the  bones 
nearly  meet  behind  their  thin  edge  is  thickened.  That  thickened  edge  ends  in  a 
point,  and  the  corresponding  palatine  sends  its  pointed  fore  end  between  that  point 
and  the  outer  flange  of  the  bone  which  runs  backwards  and  outwards.  The  outline  of 
the  maxillary  is  then  notched,  then  bulbous,  and  is  then  obliquely  cut  away,  where 
it  articulates  with  the  frontal ;  the  infraorbital  foramen  (V2.)  has  but  a  small  bridge 
under  it,  but  from  it  there  runs  a  considerable  fossa  upwards  and  forwards.  Behind 
the  bridge  the  jugal  process  is  very  stunted. 

On  each  side  of  the  vomer,  the  maxillaries  are  most  concave ;  that  bone  (v. )  is  thick 
and  split  at  its  fore  end.  This  exposed  part  is  of  great  interest  to  the  morphologist ; 
it  corresponds  with  the  enlarged  dentigerous  fore  end  of  the  bone  in  osseous  Fishes, 
which  in  their  extreme  specialization  have  acquired  a  median  vomer ;  and  also  with 
the  flat  infero-anterior  part  of  the  vomer  of  the  Green  Turtle  ( Chelone  viridis )  (‘  Chal¬ 
lenger  Series,’  vol.  i.,  Zooh,  plates  10  and  11);  and  of  certain  Birds,  e.g.,  Falco,  Dicho- 
lophus  (Trans.  Linn.  Soc.,  ser.  2,  Zooh,  vol.  i.,  plate  24).  Odd  enough,  one  of  the 
strongest  and  most  perfectly  specialized  of  the  skulls  of  the  Eutheria — that  of  the 
Cat — shows  a  trace  of  this  very  plate,  where  the  maxillaries  fail  to  meet  in  the  hard 
palate. 

The  palatines  (pa.)  form  a  squarish  tract ;  they  make  about  one-third  of  the  hard 
palate,  which  ends  with  them  ;  and,  indeed,  they  fail  to  produce  the  plate  in  their 
hinder  fourth,  and  the  hind  margin  of  the  hard  palate  is  cut  away  in  a  crescentic 
manner.  The  submarginal  groove  of  the  maxillary  palatine  plate  runs  on  under  the 
palatine,  but  soon  turns  outwards  and  is  lost.  The  palatines  form  one-third  of  the 
wall  of  the  great  nasopalatine  canal  behind,  and  the  pterygoids  (pg. )  two-thirds ;  these 
bones,  like  the  palatines,  have  a  broad  basicranial  flange,  and  this  upper  dilatation  of 
these  vertical  bones  overlaps  the  basioccipital.  The  wall  or  vertical  part  is  deeply 
notched  behind,  and  thus  the  hamular  process  (see  also  fig.  8,  -pg.)  is  large  and  free. 

*  To  me  this  seems  to  suggest  that  whilst  the  Pangolin  has  suffered  degeneration  and  relapse,  as 
it  were,  as  regards  the  teeth,  and  with  the  teeth  the  size  and  fulness  of  the  jaws,  yet  that  this  abor¬ 
tion  and  suppression  began  when  the  type  itself  was  very  low,  and  only  very  imperfectly  desmognathous. 
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The  whole  series  of  palatine  bones  in  this  scarcely  perfect  hard  palate  is  a  narrow, 
oblong  tract,  with  the  sides  gently  bowed  out,  and  the  ends  gently  converging. 
Opposite  the  end  of  the  hard  palate  the  fronto-squamosal  suture,  which  is  very  large 
(see  fig.  8),  runs  across,  and  the  strong,  concave  orbital  plate  of  the  frontal  takes  up 
all  the  orbital  space  here,  except  at  the  inner  edge. 

There  we  see  part  of  the  orbitosphenoid  (o.s.)  notched  at  its  anterior  margin  where 
the  ophthalmic  nerve  (V1.)  is  re-entering  the  skull  through  the  orbital  foramen.  The 
optic  passage  (II.)  is  out  of  sight;  but  the  sphenoidal  fissure  (V1,  2.)  comes  into  view, 
followed  by  the  deeply  notched,  oblong  alisphenoid  ( al.s .),  notched  deeply  in  the 
middle  of  its  outer  margin  by  the  3rd  branch  of  the  5th  nerve  (V3.);  it  does  not  finish 
the  foramen  ovale,  and  emerges  far  in  front  of  the  auditory  capsule  {chi.).  Those 
wings  and  these  capsules  are  both  walled  in,  externally,  by  the  huge  squamosals  (sq.) 
that  have  pushed  the  parietals  away  from  them  frontal  attachment,  below  (see  fig.  8), 
and  continue  the  general  ovoidal  convexity  of  the  skull  up  to  the  paroccipital  promi¬ 
nence  ( e.o .).  Each  bone  has  a  pneumatic  cavity  opening  behind  the  stunted  zygomatic 
process  (see  also  Plate  13,  fig.  1 — for  x  2,  read  x  3),  with  its  oval  glenoid  facet,  which 
reaches,  in  this  specimen,  nearly  to  the  fore  end  of  this  arrested  process.  Then  the 
whole  lower  part  of  the  bone  in  the  postglenoid  region  is  hollowed  out  to  form  an  upper 
chamber  to  the  “  cavum  tympani ;”  hence  the  great  convexity  of  the  squamosal  in  its 
hinder  half  (see  also  fig.  8).  The  whole  line  of  junction  of  this  great  bony  scale  with 
the  infero-lateral  parts  of  the  hind  skull  is  well  worthy  of  remark  (Plate  12,  fig.  6, 
and  Plate  13,  fig.  1).  A  strong  flange  from  the  glenoid  region,  inside  the  postglenoid 
pneumatic  foramen  {p.n.f.),  binds  on  to  the  outer  edge  of  the  alisphenoid,  running  in 
with  an  angular  process  to  complete  the  imperfect  foramen  ovale  (V3.)  and  then,  after 
leaving  the  hinder  half  of  the  alisphenoid,  clamping  the  antero-external  margin  of 
the  auditory  capsule  {chi.).  Here  this  “flange”  becomes  scooped  and  runs  upwards 
until  it  ends  in  the  general  hollowing  of  the  bone  above  the  tympanic  cavity.  In  its 
hinder  part  the  bone  strongly  closes  in  under  its  own  pneumatic  cavity  and  interdigi- 
tates  with  the  rough,  grooved  opisthotic,  and  the  small  epihyal  bridge  {op.,  e.hy.).* 

Since  the  last  stage  (Plate  11,  fig.  8,^.5.)  the  presphenoidal  region  has  become  bony 
and  the  bar  (Plate  12,  fig.  6,  yi-S.)  looks  like  that  next  behind  it  { h.s .),  but  I  strongly 
question  the  independence  of  it,  as  an  ossification  ;  it  was  most  probably  formed  by  the 
confluence  of  the  orbitosphenoids  in  the  middle  cartilage. 

The  next  basal  piece,  the  basisphenoid  {h.s.)  is  an  independent  centre;  it  is  oblong, 
nearly  as  long  as  the  broad  {reptilian)  basioccipital,  and  is  separated  by  a  moderate 
tract  of  cartilage  from  the  other  two  basal  bony  plates.  In  this  species  there  is,  now, 
a  small  pituitary  hole  (pi/.)  at  the  front  third  of  this  flat  bone.  The  huge  oval 
basioccipital,  behind  it,  is  everywhere  surrounded  by  cartilage  except  where  it  binds 

*  I  am  satisfied  that  anyone  wishful  to  compare  the  skull  of  an  adult  Pangolin  with  that  of  any 
high  normal  Mammal,  will  not  complain  of  these  details,  nor  make  light  of  the  pains  I  have  taken  to  pull 
this  puzzle  to  pieces  to  get  at  its  meaning. 
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against  the  cochlese  (chi.),  and  behind;  there  it  has  thick-ribbed  edges,  which  make 
the  middle  part  of  the  bone  concave ;  this  is  like  what  is  seen  in  the  Unau  (Plate  9, 
fig.  1)  ;  this  is  shown  still  more  where  these  ridges  are  functional,  as  in  the  Anteater 
(Plate  10,  fig.  l)/“ 

The  oval  basioccipital  (b.o.)  is  notched  a  little  where  it  forms  the  front  boundary  of 
the  foramen  magnum  ( fan .) ;  on  each  side  of  that  end  the  large  occipital  condyles 
are  seen  (oc.c.) ;  their  direction  is  infero -posterior.  The  exoccipitals  (e.o.)  run  well 
outwards  to  the  grooved  and  rough  opisthotic  (op.),  which  is  wedged  in  between  the 
squamosal  and  the  gently  convex  paroccipital  ridge. 

The  large  hypoglossal  (condyloid)  foramen  (XII.)  is  partly  finished  inside  by 
cartilage,  and  the  exoccipital  bone  only  partially  surrounds  that  nerve  and  the 
9th  and  10th  (IX.,  X.)  at  their  exit ;  the  cartilage  here  is  half  as  broad  as  the  bone 
outside  it.  The  bony  tracts  seen  in  the  distance  behind  the  foramen  magnum  are  not 
parts  of  the  supraoccipital  but  an  extension  of  the  lateral  bones  (see  also  fig.  9,  e.o., 
s.o.)  The  moderately  broad  annulus  tympanicus  has  been  left  in  situ  on  the  left 
side  (Plate  12,  fig.  6,  a.ty.) ;  on  the  right  side  of  the  skull  this  bone  and  the 
ossicules  were  removed  (see  also  Plate  13,  fig.  1).  This  imperfect  ring  has  doubled 
its  breadth  since  the  last  stage  (Plate  11,  fig.  8),  but  it  fails  to  run  along  the  meatus 
externus,  and  leaves  the  large  membrana  tympani  exposed  in  this  view. 

The  well  and  roughly  ossified  auditory  capsule  (Plate  12,  fig.  6  ;  and  Plate  13, 
fig.  1,  chi.,  op.)  runs  obliquely  inwards  and  forwards,  warty,  as  it  were,  and  riddled 
with  holes  and  passages.  The  facial  nerve  (VII.)  runs  through  a  bony  canal,  and 
appears  on  the  roof  of  the  tegmen  tympani  to  escape  again  through  the  stylo¬ 
mastoid  foramen,  which  is  bridged  over  by  the  small  confluent  epihyal  (e.hy.)  (see 
also  Plate  11,  fig.  8,  e.hy.,  VII.),  which  has  become  confluent  at  its  once  free  end  with 
the  highly  ossified  capsule,  behind  the  obliquely  seen  fenestra  rotunda  (fr.).  Another 
small  bridge  of  bone  at  right  angles  with  the  inner  end  of  the  epihyal  bridge 
separates  the  fenestra  rotunda  from  the  fenestra  ovalis  (fs.o.).  In  front,  the  ossified 
wall  of  the  cochlea  (chi.)  fits  into  digitations  of  the  alisphenoid  (al.s.)  by  knobs  of  bone  ; 
and,  behind  the  stylomastoid  foramen  (VII.),  the  opisthotic  region,  is  divided  into 
two  rough  convexities  by  a  considerable  groove.  On  the  inner  face,  where  the  cochlear 
and  opisthotic  regions  unite,  there  the  bony  mass  is  notched  twice,  to  let  out  the  9th 
and  10th  cranial  nerves  (IX.,  X.). 

The  pyriform  shape  is  well  seen  in  the  upper  view  of  the  skull  (Plate  12,  fig.  7). 
The  snout  (al.n.)  is  twice  as  much  seen  here  as  in  the  lower  view  (fig.  6).  The  only 
additional  parts  that  come  into  view  as  compared  with  the  last  stage  (fig.  1)  are 
the  squamosals  (scp)  that  can  be  just  seen  flanking  the  parietals  (p.).  The  pre- 
maxillaries  ( px. )  are  seen  in  front,  and  the  maxillaries  (mx.)  can  also  be  seen  flanking 
the  frontals  (f.)  ;  the  partly  ossified  supraoccipital  (s.o.)  finishes  the  structure  behind, 
The  still-notched,  but  improved,  nasals  (n.)  run  well  back  between  the  frontals, 

*  This  character  reappears  in  normal  tooth-bearing  Mammals,  e.y,  in  the  Marmot  ( Arctomys  monax ). 
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which  pinch  in  very  little  over  the  orbits,  and  cover  as  much  surface  above  as 
the  parietals  ( p .),  for  what  they  lack  in  breadth  they  gain  in  length.  The  sutures 
are  now  well  finished  and  dentate,  the  lambcloidal  takes  an  arcuate  turn  forwards, 
in  the  middle,  and  retreats  at  the  sides,  where  the  parietals  are  only  flanked  by  the 
unossified  margins  of  the  supraoccipital  plane. 

The  side  view  (Plate  12,  fig.  8)  shows  well  the  feebleness  of  the  short  straight  face, 
and  the  fruit-like  roundness  and  general  convexity  of  the  skull,  proper,  to  which 
no  thick-bellied  muscles  are  attached,  and  over  which  a  strong  horny  helmet  has  grown. 

A  thin  wedge  of  bone,  the  facial  part  of  the  premaxillary  ( px .),  runs  its  point  between 
the  nasal  (n.)  and  the  maxillary  {rax. ),  above;  this  is  bounded  in  front  by  the  snout,  with 
its  cresentic  fold  over  the  almost  lateral  nostril  (e.n.).  The  square-topped  maxillary 
takes  up  much  of  the  outer  edge  of  the  nasal,  and  then  runs  downwards  and  back¬ 
wards,  where  the  lacrymal  should  be,  and  barely  covers  the  nasal  capsule.  The  antor- 
bital,  as  well  as  the  lower  edge,  is  thick,  and  the  infraorbital  foramen  and  fossa  (V'\) 
are  seen  in  front  of  the  round,  stunted  rough  zygomatic  process  in  which,  in  this 
specimen,  I  can  find  no  distinct  rudiment  of  a  jugal  bone.  A  small  vascular 
foramen  is  seen  above  the  main  passage  (V~.)  in  the  hind  margin  of  the  fossa.  The 
supraorbital  part  of  the  frontal  ends  below  in  an  arcuate  line,  which  is  roughly  semi¬ 
circular,  and  straightish  in  the  middle;  the  orbital  plate  is  most  hollow,  almost  angular, 
where  it  runs  downwards  to  the  orbital  foramen  for  the  re-entrance  of  the  1st  branch  of 
the  5th  nerve  (V1.).  The  lower  edge  of  the  orbital  plate  ends  in  a  line  parallel  with 
its  upper  edge  ;  in  the  notch  the  orbitosplienoid  (o..s.)  is  seen,  and  the  oblique,  but  large, 
optic  hole  (II.).  Below  the  frontal,  and  behind  the  maxillary,  the  palatine  (pa.)  is  seen 
edgewise  as  it  runs  upwards  to  form  its  basicranial  flange,  and  forwards  to  assist  the 
maxillaries  and  frontals  to  finish  the  antorbital  wall.  This  is  clone  imperfectly,  and  a 
considerable  lanceolate  cartilaginous  “  pars  plana”  is  to  be  seen  between  the  max¬ 
illary  and  the  palatine.  At  the  fore  end  of  that  tract  I  have  looked  in  vain  to  find  a 
lacrymal  foramen.  The  2nd  branch  of  the  5th  nerve  (Vs.)  strongly  grooves  the  outer 
face  of  the  palatine  on  its  journey  from  the  sphenoidal  fissure  to  the  infraorbital  canal. 

Most  of  the  hind-skull,  as  seen  in  this  view,  is  composed  of  two  nearly  equal 
tracts  of  bone,  the  parietal  and  squamosal  (p.,  sq.).  The  coronal  suture  ends  on  the 
highest  angle  of  the  squamosa],  which  is  not  scooped  out  to  form  any  definite  temporal 
fossa,  all  the  space  answering  to  that  valley  is  to  be  seen  in  that  part  of  the  squa¬ 
mosal  which  has  caught  the  notched  hinder  margin  of  the  frontal.  This  is  made  into 
a  small  space  for  the  temporal  muscle  by  the  ridge  which  runs  down  to  form  the 
stunted  zygomatic  process,  in  the  infero-internal  face  of  which  the  glenoid  facet  lies. 
Behind  this  ridge  is  the  pneumatic  foramen  ( pnf ),  then  a  gentle  hollow,  and  then  the 
general  convexity  over  the  large  air  cavity  that  forms  the  chamber  over  the  cavum 
tympani.  The  hamular  process  of  the  pterygoid  (pp.)  and  the  annulus  ( a.ty .)  are  just 
to  be  seen,  away  from  the  eye,  below,  and  the  margin  of  the  occipital  plane,  behind.  A 
gentle  concavity  is  seen  between  the  external  or  paroccipital  edge  of  the  exocci- 


DEVELOPMENT  OF  THE  SKULL  IN  THE  MAMMALIA. 


99 


pital  (e.o.),  and  the  thickened  rim  formed  by  it  to  the  foramen  magnum.  The  bony  and 
cartilaginous  parts  of  the  supraoccipital  are  just  seen,  and  also  the  condyle  ( oc.c .),  below. 

The  lower  jaw  (Plate  12,  figs.  8,  10,  11,  d.)  is  a  mere  sinuous  bar  of  bone,  capped 
at  its  posterior-superior  part  by  a  condyloid  facet,  in  front  of  which  a  slight  elevation 
is  all  that  appears  of  the  coronoid  process  ( cr.p .),  and  under  which  there  is  no  angular 
process,  whatever.  The  symphysial  face  is  oval  and  rough,  and  the  dentary  edge  is 
sharp  and  roughly  dentated ;  between  that  part  and  the  aborted  coronoid  process 
the  upper  outline  sinks  into  a  gentle  curve,  answering  to  the  convex  outline  below. 
Inside  the  hind  part  of  the  ramus  the  bone  is  scooped  away  for  Meckel’s  cartilage 
and  the  burrowing  nerve  (V3.),  and  vessels.  The  secondary  mandible  is  now  one- 
fourth  larger  than  the  primary,  for  the  fore  part  of  Meckel’s  cartilage  (mk.)  is  lost, 
and  the  rest  is  a  sinuous  rod  partly  in  front  of  and  partly  behind  the  persistent 
ramus.  This  sub-proximal  part  of  the  primary  rod  is  only  attached  to  the  ramus  in 
front  of  the  bony  processus  gracilis,  behind,  by  ligamentous  fibres.  The  proximal 
part,  now  the  ossified  malleus  (ml.),  is  quite  normal,  with  the  curved  manubrium  (m.ml.) 
and  is  equal  to  the  processus  gracilis.  The  incus  (i.)  is  now  quite  ossified,  and  its 
short  crus  is  relatively  larger.  The  stapes  (figs.  11  and  12,  st.)  is  still  merely  a 
columella,  with  a  ragged  hinder  margin  to  its  flat  rugous  stem,  and  a  small  inter- 
hyal  in  the  tendon  of  the  stapedius  muscle  ( i.ky .,  st.m.). 

In  this  species,  at  this  stage,  there  is  a  small  second  upper  ceratohyal  (fig.  13,  c.hy.), 
and  the  rest  of  the  bar  (c.hy.)  is  ossified  in  its  middle  part;  the  basal  bar,  with  its 
horns  ( b.h.br .,  t.hy.)  is  still  unossified ;  its  shape  has  not  changed  since  the  last  stage. 

The  occipital  rigion,  as  seen  from  behind  (Plate  12,  fig.  9),  shows  great  progress  in 
ossification  since  the  last  stage  (fig.  2)  ;  and  in  this  more  finished  ovoid  the  superficial 
bones  (sq.,  p.)  come  more  into  view  in  this  aspect.  The  notch  above  the  foramen 
magnum  ( s.o.n .)  is  as  large  here,  as  in  the  smallest  specimen  (PJate  11,  fig.  4),  the  lateral 
cartilaginous  tracts  failing  here  for  some  distance.  The  three  bones  that  are  forming 
this  face  of  the  skull  ( s.o .,  e.o.)  are  still  separated  by  a  considerable  amount  of 
cartilage.  The  basal  bone  ( b.o .)  just  comes  into  view.  The  paroccipital  margin 
(p.oc.)  of  the  lateral  bones  (e.o.)  forms  a  definite  ridge  on  each  side,  separated  from  the 
condyle  (oc.c.)  by  a  gentle  vacuity. 

Fourth  Stage. — Shall  of  adult  Pangolin.  (Manis - ?  sp.). 

Some  things  worthy  of  notice  appear  in  the  skull  as  it  becomes  adult.  In  the 
lower  view  of  the  adult  skull,  with  the  hinder  part  removed  (Plate  13,  fig.  2),  we  see 
the  strength  of  the  roof-bones,  and  that  they  are  strongly  marked,  inside,  by  the 
brain ;  these  digitcd  impressions  of  the  inner  table  are  very  clear.  So  also  is  the 
bony  tentorium  (t.tm.)  strong,  and  strongly  fixed  to  the  supraoccipital  (s.o.)  as  its 
key-stone ;  outside  that  ingrowth  the  great  tympanic  recess  in  the  squamosal  (sq.)  is 
laid  bare.  In  front  of  this  the  postglenoid  pneumatic  foramen  (pn.f)  is  seen,  and  in 
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front  of  it  the  strong  stunted  zygomatic  process  with  its  small  oval,  glenoid  facet 
(gif )  on  its  inner  face  in  front.  The  basisphenoid  (b.s.)  was  cut  across  near  its 
front  margin,  and  only  part  of  the  alisphenoids  are  shown — -just  to  the  notch  for  the 
3rd  branch  of  the  5th  nerve  (V3.).  Then  we  see  the  sphenoidal  fissure  between  the 
two  wings  (YL  3.) ;  the  optic  foramen  (II.),  the  orbital  foramen  (V1.),  and  the  orbital 
tunnel  (V3.). 

The  palate  is  much  like  that  of  the  newly  born  specimen  (Plate  12,  fig.  6),  but  the 
palatines  (pa.)  are  relatively  longer,  the  palatal  portion  of  the  hard  palate  being  nearly 
as  long  as  that  of  the  maxillary  (mx.),  which  is  very  imperfect  in  front,  and  shows  the 
long  ( borrowed )  palatine  processes  of  the  premaxillaries  (px.),  and  the  forked  antero¬ 
inferior  part  of  the  vomer  (v.).  The  alveolar  flange  of  the  maxillary  (mx.)  is  perforated 
in  two  or  three  places,  and  the  right  palatine  has  lost  its  bony  floor  in  one  place,  just 
as  in  Marsupials  and  some  Insectivores,  but  not  to  the  same  extent.  A  small  seed-like 
jugal  (j.)  is  now  to  be  seen  on  the  angle  of  the  maxillary — its  jugal  process — hut  there 
is  no  lacrymal,  and  the  place  where  that  bone  and  the  bony  “pars  plana”  should  be 
seen  is  merely  an  enlargement  of  the  very  open  suture — like  a  mere  crack — which 
runs,  above,  between  the  frontal  and  maxillary,  and  then,  below,  between  these  two 
bones  and  the  palatine,  where  it  rises  into  the  floor  of  the  orbit,  in  front. 

The  hind  view  of  the  fore  skull  (Plate  13,  fig.  3)  shows  the  strength  of  the  frontal 
cincture,  the  concavities  (“digital  impressions”)  of  the  inner  table,  the  enormous  size 
of  the  ethmoid  with  its  cribriform  plate  (cr.p.),  and  the  strength  and  depth  of  the 
“crista  galli ”  (cr.g.).  The  optic  foramina  (II.)  are  surrounded  by  bone,  and  the 
whole  anterior  sphenoid  ( o.s .)  is  about  equal  to  that  of  Man — relatively  to  its  size. 
The  sphenoidal  fissures  (V1,  2.)  are  large  oval  passages,  and  the  nasopalatine  canal  ( n.p.c .) 
is  large  and  subcircular.  The  manner  in  which  the  squamosal  grow  downwards  to 
form  the  hollow  zygomatic  processes  is  also  seen  in  this  view,  and  the  thinness  of 
the  floor  of  the  sella  turcica  (l.s.,  read  b.s.).  The  pterygoids  (pg.)  are  anchylosed, 
to  a  great  degree,  to  the  posterior  sphenoid. 

A  front  view  of  the  nasal  end  of  the  dry  skull  shows  that  the  septum  nasi  (fig.  4, 
s.n.)  in  front  of  the  vertical  ethmoid  is  unossified,  but  that  the  nasal  and  inferior 
turbinals  ( n.tb .,  i.tb.)  are  quite  bony,  and  anchylosed  to  the  nasals  (n.),  in  one  case, 
and  to  the  maxillaries  (mx.),  in  the  other. 

Orycteropodihe. 

Nearly  ripe  embryo  of  Aard-Vark ,  Orycteropus  capensis  (Plates  14,  15). 

Here,  if  anywhere,  we  have  a  generalized  type,  evidently  very  archaic.  Figures 
of  the  adult  suggest  the  idea  that  this  is  an  ancient,  primordial,  unarmed  Armadillo.* 

*  The  figures  (Plate  1,  figs.  9-11)  given  of  the  head  in  this  nearly  ripe  embryo  (belonging  to  the 
Museum  of  the  Royal  College  of  Surgeons)  are  suggestive  of  the  new-born  young  of  several  types  of 
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I  have,  moreover,  to  begin  the  description  of  this  type  of  skull  under  an  impression, 
which  I  believe  is  not  prejudiced,  that  Orycteropus  comes  nearer  the  Marsupials  and 
the  lower  Insectivores,  and  is  further  from  the  Monotremes,  than  the  other  Old 
World  Edentates — the  Pangolins.  The  whole  of  the  New  World  Edentates,  whether 
toothless,  or  with  an  imperfect  dentition,  appear  to  be  like  the  Pangolins,  upgrowths 
from  the  Monotremes. 

Unfortunately,  I  cannot  bring  the  evidence  for  these  views  forward,  now ;  but  the 
papers  on  the  skull  of  the  Insectivora  and  Marsupialia  will  follow,  next,  upon  the 
present. 

The  complex  structure  displayed  in  the  lower  view  (Plate  14,  fig.  1),  if  traced  out 
point  by  point,  will  show  how  much  unlikeness  there  is  between  the  only  two  remaining 
types  of  Old  World  Edentates.  The  face  is  long,  the  measurement,  even  now,  of  the 
base  shows  the  tract  in  front  of  the  fore  margin  of  the  presphenoidal  territory  to  be 
twice  the  extent  of  the  tract  behind  that  point.  Here  the  development  of  the  jaws 
hardly  suggests  any  change  from  that  of  the  ordinary  typical  Mammals,  with  their 
well-developed  sets  of  teeth,  all  round.  The  alinasal  cartilages  and  nostrils 
( cil.n .,  e.n.)  are  very  peculiar,  and  quite  unlike  what  I  have  lately  been  describing. 

Here  the  nostrils  are  anterior,  and  the  intervening  alee,  after  spreading  out  into 
projecting  folds  and  processes,  suddenly  narrow  in,  and  then  project  again  right  and 
left,  the  projection  being  caused  by  a  peculiar  and  large  narial  valve  ( n.v .).  A  deep 
fissure — not  a  solution  of  continuity  of  the  cartilage — runs  across,  below,  arching 
backwards  a  little  in  front  of  the  premaxillaries  (px.) ;  and  a  median  groove  runs 
forward  from  this  part  to  the  end  of  the  snout,  the  converging  folds  of  the  floor  in  this 
front  part  being  elegantly  crescentic — back  to  back.  The  part  behind  the  transverse 
arched  groove  soon  opens  out,  right  and  left,  where  it  gives  off  the  recurrent  cartilages 
(fig.  5,  rc.c.) ;  I  shall  describe  these  parts  soon. 

In  this  developing  skull  there  is  a  palatal  character  seen  at  once,  which  is  perma¬ 
nent  in  the  curiously  arrested  skull  of  the  Pangolin,  this  is  the  imperfect  desmognathism 
of  the  palate,  in  front,  exposing  the  vomer  ( v .).  As  to  the  character  of  the  bones 
covering  the  endocranium,  they  are  very  unlike  those  of  Armadillos,  Sloths  and 
Pangolins,  not  thick  and  cellular,  but  thin  and  fibrous,  very  much  like  those  of  the 
Insectivora.  The  premaxillaries  (px.)  have  retained  their  normal  size,  notwithstanding 
their  loss  of  teeth  ;  the  alveolar  edge  is  a  thick  tract,  with  a  lanceolate  outline,  and 

higher  Mammalia,  e.g.,  Lamb,  Calf,  &c. ;  but  on  my  first,  and  very  casual,  look  at  the  British  Museum 
spirit- specimen,  of  the  same  age  as  this,  I  mistook  it  for  the  young,  from  the  pouch,  of  some  large  kind 
of  Kangaroo. 

The  head,  only,  of  this  single  stage,  as  worked  out  here,  will  be  fruitful  of  suggestions  of  relationship, 
which  point  to  quite  other  quarters  than  those  just  mentioned,  which  are,  manifestly,  somewhat  fanciful. 

There  are  two  species  of  this  isolated,  unique  genus,  namely,  0.  capensis  and  0.  cethiopicus  (see  Proc. 
Zool.  Soc.,  1869,  p.  431,  and  1870,  p.  669;  also  “List”  of  the  animals  of  Zool.  Soc.  1883,  p.  192,  fig.  35, 
and  p.  193,  fig.  36).  The  differences  between  these  two,  external  and  internal,  are  not  great,  but  are 
worthy  of  note. 
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it  is  separated  from  the  palatine  process  by  a  deepish  concavity ;  the  two  processes 
reach  backwards  about  the  same  extent.  The  re-entering  angle  between  the  two 
processes  is  rounded  for  the  opening  of  Jacobson’s  organ  (see  also  fig.  5,  j.o.),  and  the 
wedge-like  end  of  the  maxillary  (mx.)  reaches  up  to  this  passage. 

The  maxillaries  are  nearly  half  as  long  as  the  whole  basal  line,  from  the  fore  end  of 
the  snout  to  the  foramen  magnum,  and  their  alveolar  tract  is  really  large,  behind, 
where  the  two  last  teeth,  with  their  subdivided  pulps,  take  on  somewhat  of  a 
Zeuglodontic  character. 

The  first  of  the  simpler  front  teeth — there  are  five,  in  all,  at  this  stage — would 
answer  to  the  second  or  third  premolar,  of  a  Hedgehog  or  a  Mole ;  all  those  that 
should  be  in  front  of  this  part  are  suppressed,  and  yet  the  jaw-bones  have  suffered  but 
little  by  this  suppression. 

The  palatine  plates  of  the  maxillaries  certainly  do  resemble  those  of  the  Armadillos 
(see  Plate  2,  fig.  2),  for  inside  the  steep  alveolar  wall  the  great  palatine  flange,  at  first 
scooped,  rises  into  a  ridge,  and  is  then  separated  by  another  concave  and  grooved  tract 
from  the  lesser  submesial  tract  of  bone.  This  tract  is  deficient,  both  before  and 
behind  ;  in  front  it  lets  us  see  the  fore  part  of  the  main  vomer  (v.)  and  the  small 
front  paired  vomers  (y',  see  also  fig.  5).  The  main  part  of  the  maxillaries  ends  a  little 
in  front  of  the  palatine  end  (pa. )  of  the  hard  palate,  but  at  present  the  last  alveolus 
is  not  walled  in.  The  shoulder  of  the  maxillary,  its  jugal  region,  extends  outwards 
nearly  as  far  as  any  part  of  the  skull,  the  only  wider  part  is  the  glenoid  region  ( gif ). 
The  infraorbital  canal  (V3.)  is  one-fourth  the  length  of  the  maxillary,  and  its  opening- 
in  front  is  infero-lateral. 

The  total  length  of  the  palatines  (pa. )  is  half  that  of  the  maxillaries,  but  they 
form  less  than  one-third  of  the  hard  palate  ;  that  tract  runs  in  between  that  of  the 
maxillaries,  leaving  those  bones  only  a  narrow  flange,  there,  inside  the  inner  alveolar 
wall.  The  two  plates  do  not  meet  well  together,  especially  in  front,  and  each  forms, 
in  this  part,  a  rounded  leafy  plate  of  bone,  fitting  against  a  large,  rounded  notch  on 
the  inner  angle  of  each  maxillary  plate. 

The  margin  of  each  palatine,  behind,  is  rounded,  and  has  a  strong  rim,  which  is 
distinct  from  the  thickened  outer  rim  of  the  bone  at  its  articulation  with  the  end  of 
the  maxillary.  Under  that  outer  rim,  which  forms  a  bridge,  there  is  a  large  oblique 
oval  passage,  or  subway,  and  from  it,  in  front,  a  groove  runs  forwards,  along  the  outer 
third  of  the  flat  plate.  The  unfloored  part  of  each  palatine  is  only  two-thirds  as  long 
as  that  which  helps  to  form  the  hard  palate ;  it  is  thick-edged  below,  and  that  edge 
does  not  project  so  far  out-wards  as  the  hinder  rim  of  the  completer  part ;  above,  it  is 
oblique,  with  a  shortened  upper  margin,  to  which  there  is  scarcely  any  basicranial 
flange.  , 

The  pterygoids  (behind  pa.)  continue  the  wall  to  the  nasopalatine  canal,  they  are  as 
long  as  the  palatines,  and  have  a  broader  basicranial  flange,  which  runs  backwards,  and 
is  emarginate  in  front  of  the  Eustachean  opening  (eu.).  The  short  thick  hamular 
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process  is  but  little  free  at  its  end  (see  also  fig.  3.,  pg.)  ;  the  fore  part  of  each  bone, 
above,  runs  inwards  over  the  palatines  and  the  two  bones  are  toothed  where  then'  thin 
edges  touch. 

Outside  these  bones,  we  see,  in  the  distance,  the  orbital  plate  of  the  frontal  (f)  with 
its  large  vascular  hole,  and  at  the  margin  of  this  space  the  jugal  (j.),  a  considerable 
bone,  broadened  out  where  it  overlaps  the  maxillary.  It  is,  in  turn,  overlapped  by  the 
squamosal  (sq.),  whose  jugal  process  passes  a  short  distance  beyond  the  jugal,  and 
then,  on  its  inside,  at  its  root,  we  see  the  rather  large  glenoid  facet  ( gl.f. )  which  is  oval, 
the  long  axis  forwards,  but  the  fore  part  emarginate,  having  there  a  deep  rounded 
notch. 

The  squamosal  can  be  seen  a  little  in  front  of  the  glenoid  cartilage  ;  laterally,  it 
runs  from  its  jugal  process,  backwards,  until  we  see  it,  after  forming  four  gentle  con¬ 
vexities  and  slightly  converging,  lie  over  the  auditory  capsule,  ending  beyond  the 
stylomastoid  foramen  (VII.). 

The  thickened  postglenoicl  edge  is  separated  from  the  beginning  of  the  hollow,  and 
somewhat  pneumatic,  part  that  covers  the  tegmen  tympani.  The  inner  margin  is 
scooped,  thin,  and  then  thickens  again  before  it  ends  as  a  scaly  tract  over  the  swelling 
in  the  ear  capsule  caused  by  the  horizontal. semicircular  canal  (see  fig.  3,  h.s.c.). 

Another  superficial  bone  is  seen  inside  the  squamosal ;  this  is  the  tympanic  ( a.ty .), 
it  is  a  thinnish  1J -shaped  tract,  with  a  foot-shaped  flange,  in  front,  for  protection  of 
the  processus  gracilis  of  the  malleus.  This  imperfect  ring  leaves  a  large  space  of  the 
auditory  capsule  only  covered  by  membrane  on  its  inner  side,  and  the  rim  of  the  bone 
lies  a  good  distance  behind  the  Eustachian  opening  ( eu .).  The  membrana  tympani 
(m.ty.)  is  much  exposed,  and  the  unossified  manubrium  ( m.ml .)  is  seen  running  obliquely 
across  it. 

The  proximal,  ossified  part  of  the  orbitosphenoid  (o.s.),  can  be  seen  in  the  fundus  of 
the  orbit,  with  the  optic  nerve  (II.)  running  through,  and  the  maxillary  nerve  (V3.) 
behind,  it.  A  considerable  tract  of  each  alisphenoicl  (al.s.)  is  seen  between  the  ptery¬ 
goid  and  squamosal  (sq.),  and  the  large  inferior  branch  of  the  5th' nerve  (V3.)  passes 
through  a  very  large  foramen  ovale,  which  lies  in  the  centre  of  the  plate,  but  which 
is  not  quite  bound  in  with  bone  on  the  outside. 

The  large  median  beam,  with  the  presphenoidal  region  unossified,  the  basisphehoidal 
centre  ( b.s .),  the  basioccipital,  and  the  whole  occipital  cincture  will  be  described  soon, 
as  parts  of  the  separated  endocranium  (Plate  15,  figs.  1,  2).  There  is  in  this 
figure  a  small  scale  of  bone  seen  in  front  of  the  stylo-mastoid  foramen,  and  on  the 
proximal  part  of  the  epihyal  cartilage  ( e.hy .)  ;  this  is  the  proper  par  osteal  stylo- 
hyal  bone  (st.h.),  answering  to  that  of  Man,  and  of  the  Rabbit.'" 

I  have  not  found  this  superficial  ossicle  in  any  other  kind  of  Edentate,  and 

*  Professor  Flower’s  “  tympano-hyal  ”  answers  in  a  general  way  to  this  bone,  but  it  lies  deeper,  and 
soon  forms  the  ectosteal  plate  of  a  small  patch  of  bone  which  is  added  to  the  “  opisthotic,”  but  belongs 
to  the  proximal  part  of  the  hyoid  arch,  where  it  has  become  confluent  with  the  capsule. 
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therefore  must  add  it  to  the  list  of  characters  in  which  this  type  comes  nearer  to  the 
normal  Mammal  than  its  congeners. 

The  upper  view  of  the  cranium  (Plate  14,  fig.  2)  shows,  in  front,  the  remarkable 
form  of  the  snout,  the  roof  of  which  suddenly  pinches  in,  in  front,  after  dilating  as 
suddenly  on  emerging  from  beneath  the  nasal  bones  ( n .).  The  roof  ( al.n .)  ends  in 
front,  like  the  nib  of  a  pen,  and  the  sides  are  swollen,  and  then  scooped  away  in  a 
crescentic  manner,  making  the  nostrils  look  forward.  Close  beneath  this  expanded 
front  lies  the  root  of  the  curious  long  twisted  narial  valve  ( n.v .,  fig.  3)  which  projects 
in  front,  right  and  left  of  the  contracted  fore  end  of  the  snout. 

The  difference  between  the  general  outline  of  this  skull,  aud  that  of  a  nearly  ripe 
Tatusia  hybrida,  is  considerable ;  moreover,  although  larger  relatively  at  the  time  of 
birth,  it  is  not  nearly  so  much  developed  (compare  Plate  14  with  Plate  6). 

The  Edentate  diminution  of  the  jaws  is  much  less  than  in  the  Tatou ;  indeed,  the 
skull  is  fairly  intermediate  between  the  skull  of  that  kind  of  Armadillo  and  that  of  a 
large  and  important  Insectivore  from  the  East  Coast  of  Africa,  namely,  Rliyncocyon — 
a  type  to  be  described  in  my  next  paper. 

In  both  these  nearly  mature  embryos  the  basifacial  length  is  twice  that  of  the 
basicranial,  the  point  taken  being  that  where  the  vertical  ethmoidal  and  the 
presphenoidal  regions  meet.  But  the  Aard-Vark’s  head  is  much  the  longer  and 
narrower  of  the  two — more  like  that  of  an  Anteater,  in  this  respect,  and  yet  more 
like  the  skull  of  an  Insectivore  than  that  of  any  of  the  MyrmecophagidEe.  Looking 
at  the  main  roof  bones  the  nasals  are  now  only  one-tenth  shorter  than  the  frontals 
and  are  one-tenth  longer  than  the  parietals  (n.,f,  p.).  This  is  a  very  different  propor¬ 
tion  to  what  we  see  in  Tatusia,  and  yet  the  general  form  is  very  similar,  for  the 
frontals  have  to  swell  and  broaden  over  huge  ethmoidal  masses  in  both  cases  (Plate  15, 
figs.  1,  2  ;  and  Plate  5,  fig.  1).  Thus,  in  both  cases,  the  antorbital  and  postorbital 
regions  are  of  equal  breadth,  except  in  so  far  as  the  latter  is  widened  by  the 
squamosals  in  the  glenoid  region.  The  general  frontal  convexity  seen  in  Tatusia 
(Plate  6,  fig.  2),  and  still  more  in  Dasypus  (Plate  7,  fig.  2),  is  exchanged  in  Orycteropus 
for  a  considerable  median  hollowing  of  the  roof,  which  affects  even  the  hinder  part  of 
the  nasal  bones.  So  that,  as  we  shall  see  in  the  next  figure  (3),  there  is  a  very 
peculiar  “beetling”  of  the  brow  in  this  type,  the  convexity  of  the  frontals  being  only 
lateral  and  not  general.  But  the  skull  rises  well  in  the  coronal  region  ;•  yet  there,  at 
present,  it  is  unfinished,  a  large  diamond-shaped  fontanelle  (fo.)  still  persisting.  Here 
we  gain  that  which  the  Armadillos  are  deficient  in,  namely,  a  good  postorbital  process 
to  the  frontal  bone,  as  the  end  of  a  good,  clean,  well  arched  supraorbital  rim.  That 
ridge  and  process  is  very  short  and  abortive  even  in  the  Unau  (Plate  9),  which  has 
also  some  suprafrontal  hollowing,  but  in  Cydoturus,  Tatusia,  Dasypus,  and  Manis,  all 
this  is  absent.* 

*  We  shall  see  this  Echidnine  feebleness  of  the  skull  in  many  of  the  Insectivora,  also,  so  that  this 
imperfection  of  the  orbit  must  not  be  taken  as  a  necessary  correlate  of  the  suppression  or  abortive 
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Here  the  nasals  ( n .),  narrowing  steadily  forwards,  have  their  edge  cut  away  from 
without,  inwards,  and  not  notched  as  in  Manis.  The  upper  part  of  the  facial  plate  of 
the  premaxillaries  and  maxillaries  (px.,  rnx. )  can  just  be  seen,  and  also  the  lacrymal ; 
(see  fig.  3,  l.)  under  and  outside  the  well-formed  orbital  rim,  the  jugal  (j.)  can  be 
seen,  and  behind  it  the  most  projecting  part  of  each  squamosal  ( sq .). 

The  front  two-thirds  of  the  frontal  suture,  and  the  hinder  third  of  the  sagittal, 
are  complete ;  behind  the  latter,  the  temporal  fossa  is  evidently  gaining  somewhat 
upon  the  postero-external  part  of  each  parietal.  The  lambdoidal  suture  is  in  two 
limbs,  as  it  were,  in  front,  running  forwards  in  the  middle,  and  backwards,  behind, 
between  the  two  pa.rietals  and  the  one  large,  wide,  bracket-shaped  intraparietal  (i.p.) ; 
and  behind,  having  a  similar  curve,  and  separating  the  intraparietal  from  the  pro¬ 
jecting  endoskeletal  supraoccipital  (s.o.).  Outside  the  latter  this  plane  is  unossified, 
aud  part  of  the  projection  is  opisthotic,  the  swelling  caused  by  the  posterior  canal 
being  just  caught  by  the  eye. 

The  side  view  (Plate  14,  fig.  3)  shows  many  things  well,  that  are  only  partly  visible 
in  the  other  aspects. 

In  front,  the  curious  snout,  with  its  alee,  valve,  and  opening  ( al.n .,  n.v.,  e.n.),  are 
shown,  and  these  are  followed  by  the  oval  face-plate  of  the  premaxillary  (px.)  with 
its  pedate  lateral  enlargement,  below.  The  remaining  three-fourths  of  the  alveolar 
edge  belongs  to  the  maxillary  (mx.),  but  the  foremost  third  is  edentulous.  Surmounted 
by  the  long  nasal  (n.)  this  bone  forms  most  of  the  side  of  the  large,  long  face  ;  its 
upper  margin  ascends,  at  first  gently,  and  then  suddenly,  its  lower  edge  descends 
gently  and  sinuously  back  to  the  jugal  (j.).  The  highest  part  contributes  to  the  bony 
investment  of  the  swelling  ethmoidal  mass  ( al.e .)  which  it  fails  to  cover,  not  meet¬ 
ing  the  frontal  (f.)  at  that  part. 

The  hinder  half  of  that  preorbital  tract  is,  however,  covered  by  bone,  but  not  by 
either  of  these  ;  the  lacrymal  (l.)  comes  in  here  as  an  antorbital  wedge.  It  is  a  pyriform 
bone  about  the  size  of  the  face-plate  of  the  premaxillary,  has  a  straightish  edge  above, 
against  the  frontal,  but  dips  into  the  maxillary  below.  The  large  canal  is  behind 
this  rounded  lobe  ;  then  the  bone  flattens  inwards  to  form  a  small  orbital  plate,  and 
thickens,  below,  where  it  places  a  solid  foot  upon  the  fore  part  of  the  jugal. 

The  hind  part  of  the  maxillary,  the  direction  of  which  is  forwards  and  upwards,  is 
scooped  for  the  broad  overlapping  fore  end  of  the  jugal  (j.),  so  that  the  zygomatic 
part  of  the  maxillary  is  almost  half  its  hind  border ;  this  is  burrowed  by  the  upper 
maxillary  nerve,  which  comes  out  at  a  moderate  distance  from  the  jugal,  at  the  infra¬ 
orbital  foramen  (V2.).  Thence,  forwards,  the  face-plate  of  the  maxillary  is  grooved 
twice— under  the  great  swelling,  and  just  above  the  alveolar  margin  ;  a  vascular 
foramen  is  seen  in  front  of  the  great  nerve  passage,  in  this  lower  groove. 

development  of  the  teeth.  Rhynocoyon  and  Orycteropus  come  very  near  each  other  in  this  character ;  the 
former,  indeed,  lies,  in  this  respect,  between  the  Shrews  and  Moles  on  the  one  hand,  and  the  almost 
Lemur ine  Tupaia  on  the  other. 

MDCCCLXXXV.  P 


106 


MR.  W.  K.  PARKER  OK  THE  STRUCTURE  AND 


Here  tire  form  of  the  frontal  is  well  seen,  and  can  be  compared  with  the  same 
view  in  the  Tcttou  (Plate  6,  fig.  3).  Here  the  swelling  in  front  of  and  above  the 
orbit  makes  the  skull  at  this  part  almost  as  bulky  as  it  is  in  the  region  of  the  ripper 
fontanelle  (fo.),  and  in  this  side  view  the  frontal  seems  to  be  made  of  two  parts, 
separated  by  a  deep,  oblique  valley.  The  supraorbital  ridge  does  not  extend  so  far 
backwards  as  the  wall-plate  of  the  bone,  which  runs  back  there,  and  notches  the  fore 
edge  of  the  parietal,  on  the  lower  part  of  the  coronal  suture.  Thus  the  parietal  is  of 
a  more  normal  size,  and  the  squamosal  does  not  dominate  this  part  of  the  skull  as  in 
Pangolins  and  Sloths. 

Below  the  notch,  the  parietal  (p. )  forms  a  round  lobe  which  rests  upon  both  the  cartila¬ 
ginous  top  of  the  orbitosphenoid  ( o.s .),  and  the  wholly  ossified  alisphenoid  (a/.  5.),  and 
further  back  it  forms  the  upper  part  of  the  temporal  fossa,  its  whole  lower  edge  being 
somewhat  concave,  and  the  outline  both  there  and  behind  is  somewhat  emarginate,  to 
receive  the  arched  margin  of  the  squamosal  and  intraparietal  {i.pd).  The  latter  bone 
is  about  one-third  the  size  of  the  parietal,  and  it  reaches  back  over  the  outer  edge  of 
the  unossified  part  of  the  occipital  plane. 

The  squamosal  (sq.)  is  quite  normal,  it  is  much  smaller  than  that  of  a  Sloth  or 
Pangolin,  and  much  larger  than  that  of  Cycloturus. 

The  temporal  squama  has  an  arched  upper  edge  ;  the  hind  margin  of  the  bone  is 
broad  and  emarginate ;  the  outer  face  is  moderately  convex  for  a  moderate  pneumatic 
cavity  over  the  drum  cavity,  and  both  there,  wdiere  the  glenoid  cartilage  (gl.f.) 
has  grown  on  to  it,  the  margin  is  notched ;  the  zygomatic  spur  is  well  developed. 

From  the  peculiar  manner  in  which  the  overlappings,  or  imbrications,  of  the  parts  that 
form  the  inner  wall  of  the  orbit  are  developed,  the  mind  at  once  refers  to  the  skull  of 
the  Insectivora.  The  orbital  plate  of  the  frontal  (f )  is  a  thin  hollow  shell  of  bone, 
the  hind  margin  of  which  is  one  large  crescentic  notch,  inside  which  a  semicircular 
tract  of  the  semiosseous  orbitosphenoid  is  exposed;  the  optic  nerve  (II.)  escapes 
through  the  proximal  part  of  the  bony  base  of  this  tract,  and  the  ophthalmic  nerve 
(V1.)  re-enters  the  skull  near  the  junction  of  the  bone  and  cartilage  in  that  plate. 
The  rounded  corners  of  both  the  frontal  and  parietal  bones  overlap  the  cartilage 
postero-superiorly,  and,  behind,  its  cartilaginous  part  is  notched  in  the  same  crescentic 
manner  as  the  orbital  plate  of  the  frontal,  and  is  then  overlapped  by  the  semicircular 
fore  edge  of  the  alisphenoid  ( al.s .),  which  round  edge  is  nearly  parallel  with  the  hind 
margin  of  the  orbital  plate  of  the  frontal.  This  outstanding  fore  edge  of  the  ali¬ 
sphenoid  forms  the  hinder  boundary  of  the  sphenoidal  fissure  (V1,  3.) ;  its  inner  boundary 
is  formed  by  the  orbitosphenoid  {o.s.).  -The  palatine  {pa.)  crops  up  in  the  antero¬ 
inferior  part  of  the  orbit;  the  pterygoid  {pg.)  can  be  seen  below  the  jugal  arch. 
Below  the  tegminal  notch  of  the  squamosal  the  tympanic  (< a.ty .)  and  manubrium 
can  just  be  seen.  The  supraoccipital  bone  ( s.o .)  bends  down  behind  the  intraparietals, 
behind  which  the  thick  wide  convex  unossified  part  is  seen.  Behind  the  lower  lobe 
of  the  end  of  the  squamosal  a  small  convexity  is  seen ;  this  is  formed  by  the  hori- 
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zontal  canal  ( h.s.c .) ;  behind  this  the  larger  crescentic  swelling  is  due  to  the  posterior 
canal  ( p.s.c .).  The  exoccipitals  ( e.o .)  margin  the  foramen  magnum  (see  also  fig.  4, 
e.o.) ;  below,  the  occipital  condyle  ( oc.c .)  is  shown,  and  outside  this  the  low  par- 
occipital  ridge  ( p.oc .). 

The  facial  nerve  (VII.)  is  seen  escaping  below  the  horizontal  and  posterior  canals 
where  they  meet,  and  in  front  of  the  nerve  the  epihyal  ( e.ity .),  with  its  obliquely 
oblong  splint,  the  stylohyal  ( st.li .).  The  cartilaginous  bar  is  elbowed  and  enlarged ; 
it  then  runs  downwards  and  forwards  into  the  upper  ceratohyal  ( c.hy .)  without 
segmentation.  Then  comes  the  lower  ceratohyal  half  as  long  as  the  main  bar,  and 
then,  less  than  half  as  long  as  the  lower  ceratohyal,  the  hypohyal  (h.hy.).  That 
little  hillock  of  cartilage  dilates  to  articulate  with  the  fore  part  of  the  U-shaped 
basal  bar  ( b.h.br .),  a  very  regular  semi-ellipse.  The  sides  (or  horns)  of  which  are  the 
continuous  thyrohyals  ( tjiy .). 

When  the  hyoid  bar  becomes  segmented  from  the  cranial  part,  then  this  will  be 
quite  a  normal  hyoid  arch,  except  that  the  thyrohyals  are  continuous.  But  in  the 
Edentata  the  hyoid  arch  is  most  variable,  and  that  not  only  as  to  Families,  but  the 
genera  Dasypus  and  Tatusia  do  not  agree  in  the  structure  of  this  arch. 

The  smallness  and  imperfection  of  the  teeth  has  given  rise  to  a  great  reduction  in 
the  size  and  bulk  of  the  fore  part  of  the  mandible;  this  is  a  much  larger  “ramus” 
than  that  of  Tatusia  (Plate  6,  fig.  3),  for  the  hind  part  is  very  large,  the  coronoid 
process'  ( cr.p .)  being  of  great  extent  and  rather  wide.  The  articular  or  condyloid 
part  ( cd.p .),  with  its  oval  condyle,  runs  downwards  and  forwards  till  it  meets  the  over¬ 
lapping  thick  part  where  the  vessels  and  nerves  enter.  That  thickening  corre¬ 
sponds  to  the  distinct  coronoid  bone  of  the  Ovipara,  and  the  gently  convex  inner  wall 
of  the  ramus  to  the  splenial  bone.  Below  the  foramen,  the  ramus  forms  a  second 
lobe  similar  to  the  rounded  angular  process  (ag.p.)  behind. 

The  end  view  (Plate  14,  fig.  4)  shows  the  occipital  plane,  still  largely  unossifiecl. 
The  investing  bones  (i.p. ,  p. ,  sq.)  can  be  seen  overlapping  the  whole  of  this  hind  wall, 
and  the  auditory  capsules  (op.),  swollen  here  with  the  posterior  canal  ( p.s.c .),  are  seen 
planted  into  a  deep  oblique  notch,  right  and  left ;  below  these  the  facial  nerve  (VII.) 
and  the  epihyal  ( e.liy .)  come  into  view,  The  rest  is  occipital,  and  here  we  see,  as  a 
correlate  of  the  development  of  the  large  intraparietal,  a  decrease  in  the  size  of  the 
subcircular  supraoccipital  ( s.o .) ;  see  also  in  Tatusia  (Plate  6,  fig.  4).  By  this  we 
know  that  we  are  further  from  the  Monotremes,  and  from  the  rest  of  the  Edentata. 
A  large  sinuously  transverse  muscular  ridge  runs  across  this  bone  already,  so  that  here, 
as  in  the  temporal  region  and  lower  jaw,  we  see  that  we  have  to  do  with  a  strong  and 
muscular  animal.  The  subcircular  foramen  magnum  (fan.)  has  the  outer  part  of 
its  arch  and  upper  half  occupied  by  the  rounded  exoccipitals  (e.o.)  ;  their  depth,  the 
depth  of  the  cartilage  between  them  and  the  supraoccipital  centre,  and  the  depth  of 
the  occipital  condyles  (oc.c.),  are  all  nearly  equal.  Outside  the  condyles,  the  arch 
projects  as  a  quite  distinct,  though  not  large,  paroccipital  ridge  and  process  (p.oc.)  :  a 
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good  normal  Mammalian  character.  The  concave  hind  margin  of  the  basioccipital  ( b.o .) 
is  seen  in  the  distance. 

The  ossicula  auditus  (Plate  15,  fig.  4)  are,  like  those  of  the  Armadillos  (Plate  6, 
fig.  6  and  11  ;  and  Plate  7,  fig.  6),  intermediate  between  those  of  the  more  aberrant 
Edentates  and  those  of  ordinary  Eutheria. 

Already  in  this  relatively,  and  really  very  large,  embryo,  these  parts  are  well  formed, 
and  the  rest  of  the  primary  jaw  is  gone.  The  inner  view  (Plate  15,  fig.  4)  shows  a 
reniform  sinuous  condyle,  on  a  large  head,  which  is  convex  externally,  and  scooped  on 
the  inside.  The  large  styliform  processus  gracilis  ( -p.gr .)  is  a  little  longer  than  the 
styliform  manubrium  ( m.ml .),  which  is  still  cartilaginous.  Doran’s  figure  [op.  cit., 
Plate  64,  fig.  14)  shows  a  still  smaller  manubrium  and  a  still  larger  processus  gracilis, 
even  in  the  adult. 

The  quite  normal  incus  (i.)  is  ossified,  but  the  stapes  ( st .)  has  it  facet  and  neck 
still  cartilaginous  ;  in  the  adult  (Doran,  op.  cit.)  the  long  crus  of  the  incus  has  become 
slenderer  and  the  hole  through  the  high  stapes  somewhat  larger,  and  more  circular. 
I  see  no  interhyal  nucleus  in  the  tendon  of  the  stapedius  muscle  (, st.m .).  One  more 
point  may  be  noticed,  namely,  that  the  base  of  the  stapes  is  convex,  and  projects 
inwards  beyond  the  rim,  as  in  the  Mole  ( Talpa  europcea),  but  not  to  the  same 
extent. 

In  the  lower  view  of  th e.  peeled  inner  skull  (Plate  15,  fig.  1),  the  eye  is  almost  con¬ 
fused  with  the  number  of  parts  to  be  described.  If  these  figures  be  compared  with 
figures  already  given  by  me  in  other  papers  of  the  endocranium, — of  Selachians 
(Trans.  Zool.  Soc.,  vol.  x.,  plates  34-42),  and  of  the  larvae  of  the  Urodela  and  Anura 
(Phil.  Trans.,  1877,  Plates  21-29  ;  Phil.  Trans.,  1876,  Plates  54-62  ;  and  ibid. ,  1881, 
Plates  1-44  ;  Linn.  Trans.,  ser.  2.,  Zool.,  vol.  ii.,  plates  14-21) — it  will  be  seen  that 
the  interpretation  of  the  Mammalian  skull  is  no  easy  task.  But  there  lie,  obliquely 
between  this  marvellously  specialized  skull  and  the  skull  of  the  Ichthyopsida,  the 
various  kinds  of  skulls  to  be  seen  in  the  oviparous  “  Amniota,”  or  Sauropsida. 

To  see  the  meaning  of  what  lies  before  me,  here,  in  the  skull  of  this  somewhat 
abnormal,  low  Eutherian,  I  find  it-  necessary  to  remember  the  structure  of  the  skull 
in  every  division  of  the  great  groups  just  mentioned,  that  is  in  Serpents,  Lizards, 
Tortoises,  Crocodiles,  and  Birds. 

But  the  best  of  all  these  is  the  Crocodile,  an  ancient  type,  and  one  on  which  the 
loss  of  parts  by  degenerative  specialization ,  is  much  less  than  in  the  other  Sauropsida, 
for  the  living  members  of  those  other  groups  are  manifestly  more  modified  than  the 
Crocodiled' 

This  lower  view  (Plate  15,  fig.  1)  shows,  behind  the  exposed  part  of  the  snout 

*  Now,  and  for  the  future,  I  must  avoid  the  use  of  the  term  Reptilian,  qualifying  it  by  the  prefix  quasi, — 
for  what  is  low  in  a  Mammalian  skull ;  if  some  Palaeontologist  were  to  stumble  upon  a  fossil  Hypotlierian 
it  would  be  a  great  gift  of  fortune,  then  one  could  use  that  term  as  an  adjective.  That  such  a  type 
once  existed  I  feel  certain— as  certain  as  that  I  myself  have  had  a  series  of  ancestors. 
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( al.n .,  e.n.)  already  described,  that  the  double  nasal  canal,  after  narrowing  in  a  little, 
enlarges  only  gradually  in  the  aliseptal  region  ( cil.sp .).  But  in  the  aliethmoidal  (ale.) 
or  proper  olfactory  territory  it  widens  out  rapidly,  and  forms  a  large  bulbous  structure 
which  reaches  backwards  to  the  anterior  sphenoid  (o.s.,  p.s.).  This  broad  end  of  the 
pyriform  labyrinth  is  not  finished  by  cartilage  below,  and  the  internasal  clesmos  which 
binds  side  to  side  is  the  mam  vomer  (r.).  But  the  septal  region,  above  the  front 
half  of  the  hard  palate,  and  which  is  supplied  by  the  ophthalmic  or  orbitonasal 
branch  of  the  5th  nerve,  is  open,  now  that  the  lower  bony  floor  has  been  removed. 
The  thick  base  of  the  alinasal  region  behind  the  crescentic  groove  soon  opens  out, 
right  and  left,  like  curtains  folded  back,  and  the  aliseptal  wall  behind  the  snout,  for 
an  extent  which  is  half  the  length  of  the  whole  labyrinth,  turns  inwards  very  little 
below.  This  open  part  is  divided  into  two  lanceolate  spaces  by  the  septum  nasi  (above 
v'.),  and  its  grooved  bony  rest — the  vomer  ( v .,  see  also  Plate  14,  fig.  5). 

But  the  nasal  canals  are  not  open  towards  the  hard  palate  more  than  by  narrow 
chinks ;  for  there  are  two  pairs  of  folded  cartilages  in  this  general  open  space — two  on 
each  side — one,  the  internal,  half  the  size  of  the  other,  the  external,  fold. 

From  above  the  inner  part  of  the  selvedge  of  the  closed  floor  of  the  snout,  close 
to  the  septum  nasi,  right  and  left,  a  rod  of  cartilage — the  recurrent  cartilage  or  the 
cartilage  of  Jacobson’s  organ — grows  backwards,  and  before  it  passes  inside  the 
opening  of  that  organ  (j.o.)  it  sends  a  curling  process  half  way  round  the  front  of  the 
passage.  The  narrow  stem,  beyond  the  opening  of  the  organ,  soon  expands,  and  then 
the  cartilage  becomes  lanceolate,  and  ends  opposite  the  middle  of  the  outer  coil,  or 
inferior  turbinal  ( lib .).  Below,  the  recurrent  cartilage  is  convex  ;  seen  from  the  side 
(Plate  15,  fig.  3,  rc.c.),  it  is  seen  to  be  scooped  on  its  supero-external  face.  The  inferior 
turbinal  arises  opposite  the  thickening  part  of  the  lesser  tract ;  it  also  has  the  same 
lanceolate  form  with  a  convex  under  face,  like  the  other,  but  is  twice  as  large.  This 
“  maxillary,”  or  “  inferior,  turbinal  ”  is  not  fixed  by  its  fore  end  ;  its  root  is  from  the  side  ; 
it  is  an  ingrowth  of  the  aliseptal  wall  ( al.sp .).  The  thin  lamina  which  grows  inwards 
is  concave  below,  it  runs  half-way  across  the  gap  in  the  floor  towards  the  vomer, 
and  then  forms  an  upper  and  a  lower  secondary  fold.  These  are  coiled  over  from  their 
common  free  face,  like  the  leaflets  of  Cycas  revoluta,  but  to  a  greater  extent. 

The  nasal  turbinals  cannot  be  seen  in  this  figure  ;  they  are  similar  in  all  the 
Edentata,  and  dip  down  from  the  cartilage  that  underlies  the  nasal  bones,  just  as  the 
inferior  turbinals  grow  in  from  the  cartilage  that  lines  the  maxillaries  (see  in 
Tatusia,  Plate  3,  figs.  9  and  10,  n.tb.).  In  the  figures  just  referred  to,  and  in 
figures,  soon  to  be  described,  of  these  parts  in  the  Hedgehog,  a  free  section  of  cartilage 
is  seen  right  and  left  of  the  septum  nasi  (s.n.,  pc.c.).  They  are  a  little  displaced  by 
the  razor,  and  should  lie  nearer  the  base  of  the  septum.  This  dissection  of  the  nasal 
labyrinth  of  the  Aard-Vark  gave  me  the  interpretation  of  those  sections  of  the 
nose  of  Tatusia  and  Erinaceus. 

The  lanceolate  form  of  the  gap  right  and  left  of  the  septum  (Plate  14,  fig.  5,  and 
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Plate  15,  fig.  1)  is  finished  on  the  inside  in  its  hinder  half,  by  a  'precurrent  cartilage, 
which  overlaps  the  recurrent  tract  ( pc.c .,  rc.c.).  This  stoutish  rod,  which  ends  hr 
a  point  hr  front,  is  a  direct  ongrowth  from  the  inner  edge  of  the  nasal  floor,  over 
which  floor  the  copious  folds  of  the  so-called  “  middle  turbinal  ”  are  to  be  found. 
Behind  these  precurrent  spikes,  the  proper  olfactory  floor,  formed  by  a  large  ingrowth  of 
the  aliethmoidal  fold  ( al.e .),  is  a  wide  sinuous  tract,  convex  towards  the  inside,  and  at 
the  outside,  but  convave  along  the  middle.  This  wide  part  is  divided,  by  a  renewal  of 
the  concavity,  into  two  lobes,  the  inner  of  which  lies  on  a  lower  plane  than  the  outer, 
and  reaches  a  little  further  back.  The  inner  part  of  the  inner  lobe  is  hollowed  out, 
the  nasal  floor  running  upwards,  in  a  concave  manner,  to  reach  the  vomer.  The  outer 
and  higher  lobe  is  rather  uncinate,  hooking  a  little  towards  the  orbitosphenoidal 
region ;  it  is  the  lower  face  of  the  great  lateral  ethmoidal  mass,  seen  from  above  in 
fig.  2. 

The  main  median  investing  bone,  the  vomer  (v.),  and  the  small  paired  anterior  bones 
(V.),  were  not  peeled  off  with  the  rest  of  the  superficial  bones,  when  the  preparation, 
here  figured,  was  made.  The  large  parosteal  tract  (v.)  has  been  dominated  by  two  very 
distinct  endoskeletal  structures,  namely,  the  intertrabecula,  and  the  floor  of  the 
double  nasal  labyrinth.  This  large,  long  vomer  reaches  by  its  hind  forks  as  far  as 
the  labyrinth,  whose  halves  it  unites,  below  ;  in  front,  it  runs  nearly  as  far  as  to 
Jacobson’s  organ.  It  is  cleft,  behind,  up  to  its  middle,  the  cloven  part  having  the 
keel  divided,  which  has  run  back  from  the  fore  half.  In  the  foremost  part  the  bone  is 
simply  rounded,  running  thence  to  its  grooved  upper  face,  on  which  the  front  partition 
wall  rests. 

This  very  remarkable  foliacious  vomer  (Plate  14,  fig.  5  ;  Plate  15,  figs.  1  and  3,  v.) 
is  roughly  pointed  in  front ;  then  at  the  beginning  of  its  second  third  it  gives  off  a 
narrow  wing,  right  and  left,  and  these  wings  widen  up  to  the  median  slit ;  a  little 
behind  it  they  end.  Overlapping  them,  another  pair  of  wings  arise,  right  and  left, 
twice  as  wide,  and  then  another  pah-  wider  still,  which  run  on  to  the  diverging  end 
of  the  forks,  behind  ;  the  left  middle  wing  is  perforated. 

The  vomer  is  pinched  in  under  the  first  and  last  wing,  wffich  are  thinnish,  as  is 
usual  in  the  edges  of  the  Mammalian  vomer  (Plate  1  5,  fig.  3,  side  view)  ;  but  the 
middle  wing  is  a  solid  mass  with  an  oval  outline. 

This  lobe  or  wing  did  not  peel  away  easily,  like  the  other,  as  is  usual  with  a  paros- 
tosis  in  its  relation  to  the  underlying  cartilage,  but  had  to  be  broken  away,  there 
being  no  line  sharply  dividing  the  bone-cells  from  the  cartilage-cells.  Thus  the 
vomer  is  here  grafted  on  to  each  moiety  of  the  cartilaginous  nasal  capsule  at  the  inner 
edges  of  its  floor,  as  in  Passerine  Birds.* 

*  See  Nitzsch,  article  “  Passerinee,”  in  Eksch  and  Gruber’s  ‘  Encyclopasdie,’  1840;  “  Ueber  die  Fainilie 
der  Passerinen,”  Zeits,  fur  die  gesammten  Natnrwiss.,  1862  ;  Huxley,  Proc.  Zool.  Soc.,  April  11, 1867,  pp. 
450-454;  and  my  papers  on  the  AEgithognathous  type  of  skull,  Trans.  Zool.  Soc.,  vol.  9,  plates  54—62, 
and  vol.  10,  plates  46-54  :  Trans.  Linn.  Soc.,  ser.  2,  Zool.  vol.  i.,  plates  20,  21 ;  and  Monthly  Micros. 
Joum.,  1872,  plates  34-39  ;  and,  ibid.,  1873,  plates  8-10. 
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I  may  have  missed  this  peculiar  structure  in  some  of  my  dissections  ;  this  is  the 
last  skull  at  which  I  have  worked — if  so  this  character  will  not  easily  escape  me 
again.  It  appears  to  me  to  be  a  new  and  rare  thing,  and  one  of  many  remarkable 
cases  of  the  conformity  of  the  Mammalian  skull  with  what  is  to  be  found  in  the 
Oviparous  types — high  and  low. 

Afterwards,  I  have  no  doubt,  the  bony  matter  transforms  still  more  cartilage,  that 
hone  soon  becoming  anchylosed  with  the  ossified  tracts  of  the  rest  of  the  lateral 
ethmoids.  Whether  “  posterior  paired  vomers  ”  appear  or  not  I  cannot  say,  possibly 
the  hindmost  lobes  or  wings  of  the  main  bone  become  distinct  for  a  time,  and  then 
unite  with  the  bone  forming  within,  so  as  to  complete  the  compound  desmognathism  of 
the  Mammalian  upper  face. 

The  anterior  paired  vomers  (A.)  are  very  small  in  this  type  ;  they  are  club-shaped, 
convex  below  and  towards  the  septum,  and  hollow  towards  Jacobson’s  organs,  of 
which  they  are  the  bony  correlates.  They  lie  right  and  left,  a  little  in  front  of  the 
main  vomer. 

The  skull  proper  is  composed,  now,  of  about  equal  parts  of  unossified  and  ossified 
cartilage.  The  anterior  sphenoid  shows  no  basal  piece  below ;  the  whole  of  the  thick 
beam,  from  the  basisphenoid  (Plate  15,.  fig.  3,  p>.s.,  p. e.,  s.n .)  to  the  end  of  the 
snout,  being  cartilaginous. 

That  beam  shows  lateral  wings  where  it  passes  into  the  alisphenoids,  but  for  the  rest 
of  its  extent,  as  seen  from  below,  it  is  simply  convex,  lessening  forwards  (Plate  15, 
figs.  1  and  3,  p.s.,  s.n.). 

In  this  large  embryo  the  orbitosphenoids  ( o.s .)  have  lost  their  ethmoidal  and  supra  - 
auditory  attachments,  but  the  wide  outer  half  is  still  unossified.  Their  rounded  fore 
edge  comes  short  of  the  retiring  margin  of  the  lateral  ethmoids,  only  membrane 
flooring  the  front  part  of  the  cranial  Gavity  there.  The  ear-shaped  upper  part  of  each 
orbitosphenoid  runs  backwards  inside  the  alisphenoids  (fig.  2),  but  the  two  broad 
wings  of  bone  at  the  proximal  part  are  in  front  of  the  alisphenoids,  and  these  form 
the  front  boundary  of  the  sphenoidal  fissure,  through  which  the  1st  and  2nd  branches 
of  the  5th  nerve  (YL  3.)  escape.  The  orbitosphenoidal  bones  are  thick,  below,  fore 
and  aft  of  the  optic  foramen  (II.),  and  the  front  thickening  nearly  touches  the  vomerine 
fork  on  one  side — -the  right  in  the  figure — and  overlaps  it  on  the  left,  the  concave 
margin  of  the  bone  fitting  against  the  rounded  inner  lobe  of  the  great  nasal  capsule. 
The  hinder  thickening  of  the  bone,  below,  rests  upon  the  ossified  angle  of  the  proximal 
part  of  the  alisphenoid  ( al.s .). 

The  posterior  sphenoid  is  about  equal  now  to  the  anterior,  which  it  imbricates, 
behind,  clearing  itself  well,  outwards,  from  the  rest  of  the  skull  wall. 

The  bony  basisphenoid  ( b.s .)  occupies  about  three-fourths  of  its  own  territory  ; 
the  whole  of  this  subpituitary  part  is  thick  and  convex,  showing  no  sign  of  the 
primary  deficiency  in  the  cartilaginous  floor.  The  sides  (al.s.)  have  united,  already, 
with  their  keystone  piece,  but  a  groove  below  marks  the  old  line  of  division 
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of  the  bony  centres.  The  alse  are  not  ossified  up  to  their  root  in  front,  but  the 
bone  reaches  the  front  of  the  unfinished  basispbenoid  bone  ( b.s .);  behind,  they  overlap 
it.  The  hollow  under  the  junction  of  the  base  and  alee  is  the  place  where  the 
pterygoids  clamped  the  skull  (Plate  14,  fig.  1);  here  the  alisplienoids  are  bevelled; 
beyond  that  part  they  are  strongly  convex,  as  they  grow  first  outwards,  and 
then  upwards.  All  their  three  free  edges  are  crescentically  einarginate  ;  the  notch 
in  front  forms  part  of  the  wide  sphenoidal  fissure  (V1,  3.) ;  on  the  outside  a  suture  is  seen 
running  from  the  concave  edge  to  the  large  foramen  ovale  (V3.).  The  alse  being 
measured  fore  and  aft,  is  in  the  middle  of  the  bone,  but  it  comes  near  the  outer 
edge.  Here,  again,  we  have  that  remarkable  character  of  the  alisphenoid  which 
we  have  just  seen  in  the  Sloth,  Pangolins,  and  in  the  genus  Dasypus  (Plate  7,  fig.  l), 
but  not  in  Tatusia  (Plate  5,  fig.  1),  where  the  alisphenoid,  freed  from  the  general 
cranial  wall  of  the  chondrocranium,  is  slow  in  developing — see  especially  in  Manis 
(Plate  11,  fig.  1,  al.s.) — and  thus  the  huge  trigeminal  nerve  sends  its  hindmost 
branch  over  the  edge  of  the  ala.  Normally,  the  3rd  branch  of  the  5th  notches  this 
hind  margin  of  the  alse  (see  in  Tatusia,  Plate  5,  fig.  1,  V3.),  the  “foramen  ovale” 
being  completed  afterwards  by  a  postneural  bar  of  bone.  But  in  the  Mole  ( Talpa 
europcea)  it  perforates  the  primary  cartilage,  and  the  2nd  branch  does  the  same, 
so  that  in  that  type  the  “foramen  rotundum  ”  is  also  a  primary  foramen  of  the 
chondrocranium,  and  not  a  notch  completed  afterwards  by  a  bony  bar.* 

The  large  outer  and  hinder  lobe  of  the  alisphenoid  binds  in  front  of  the  “  tympanic 
recess  ”  of  the  squamosal,  and  then  the  hind  margin  rapidly  running  forwards,  this 
bone  closes  upon  that  great  auditory  outgrowth,  the  cochlea  (chi.).  Between  the 
cochleae  the  basal  beam  keeps  on  widening  backwards,  behind  the  bony  basisphenoid 
(b.s.).  There  is  a  tract  of  this  widening  cartilage  three-fourths  the  extent  of  the  bone  ; 
behind  this  the  basioccipital  is  twice  as  long  as  the  cartilage,  and  reaches  to  the  front 
(or  lower)  edge  of  the  foramen  magnum  (fm.). 

This  latter  bone  ( b.o .)  is  six-sided,  has  a  straight  front  margin,  a  concave  side  margin 
lying  against  the  convex  cochleae,  a  slightly  concave  margin  followed  by  cartilage, 
postero-laterally,  and  its  einarginate  end  is  at  the  foramen  magnum.  The  condyles 
(oc.c.)  are  short,  convex,  and  ear-shaped ;  the  small  exoccipital  bones  (e.o.)  are  close 
in  front  of  them,  and  end  against  the  hypoglossal  (or  condyloid)  foramen  (XII.).  The 
fore  part  of  the  foramen  magnum  has  the  bone  and  cartilage  raised  into  a  protecting 

*  If  we  lose  patience  over  -  these  details  we  shall  miss  the  best  things  in  this  minute  morphology. 
In  the  normal  freedom  and  out-thrust  of  the  Mammalian  alisphenoid,  and  in  the  very  varied  manner 
of  escape  of  this  inferior  maxillary  nerve— through,  or  over,  or  behind  the  alas — we  have  specializations 
that  must  be  compared  with  the  modification  of  this  part  of  the  general  cranial  wall  to  be  seen  in 
Serpents,  Lizards,  and  Tortoises,  where  what  is  one  continuous  growth  in  Sharks,  Frogs,  &c.,  is  in 
one  case  a  little  patch,  in  the  next  a  narrow  “  upright,”  and  in  the  third  case,  the  Chelonian,  it  has 
suffered  complete  suppression.  (See  Trans.  Zool.  Soc.,  vol.  x.,  plate  38,  fig.  2;  Phil.  Trans.,  1881, 
Plates  1-44;  ibid.,  1878,  Plates  27-33;  ibid.,  1879,  Plates  37-45;  and  ‘Challenger  Reports,’  vol.  i., 
Zoology,  plates  1-13.) 
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rim.  Outside  the  condyles  a  definite  low  convex  paroccipital  ridge  is  seen  ( po.c .), 
outside  this  the  cartilage  is  opisthotic  (op.).  Beyond  and  behind  the  condyles,  there 
is  a  narrowish  tract  of  cartilage,  and  there  the  lower  edge  of  the  bony  supraoccipital 
(s.o.)  is  seen  bulging  backwards. 

The  ovoidal  cochlear  region  of  the  auditory  capsule  (chi.)  lies  each  in  its  own 
oblique,  well-made  socket ;  the  rest  of  the  capsule  seen  in  this  aspect  is  the  tegmen 
tympani  outside,  and  the  opisthotic  region  (op.)  postero-externally.  Outside  the 
tegmen  the  large  pneumatic  foramen  of  the  squamosal  (tr.c.)  is  drawn  in  outline, 
and  under  the  tegmen  the  facial  nerve  (VII.)  is  seen  passing  to  its  place  of  exit, 
the  stylomastoid  foramen.  In  front  of  the  nerve  the  small  stylohyal  bone  (st.h.) 
is  seen,  and  inside  it  the  epihyal  cartilage  (e.hy.)  Further  inwards,  in  the  enlarged 
occipito-auditory  “foramen  lacerum  posterius,”  the  9th  and  10th  nerves  (IX.,  X.) 
are  emerging  a  little  in  front  of  the  12th  (XII.).  In  front  of  this  semicircular 
chink,  the  fenestra  ovalis  and  fenestra  rotunda  (fs.o.,  fr.)  are  shown  in  the 
fundus  of  the  nut-shapecl  cochlea  (chi.),  the  proximal  or  hinder  part  of  which  is 
more  convex  than  the  rest. 

The  upper  view  (Plate  1  5,  fig.  2)  of  the  enclocranium  shows  what  a  long  tract  there 
is  of  the  nasal  labyrinth  before  we  come  to  the  dilated,  and  most  complex,  true 
olfactory  region  ;  the  cartilage  roofing  and  walling  all  the  regions  in  may  still  retain 
the  old  terms  of  alinasal,  aliseptal,  and  aliethmoidal  (al.n,  al.sp.,  al.e.).  The  whole 
structure,  as  seen  in  this  aspect,  is  more  like  the  parts  of  a  j lower  than  the  fore  end  of  a 
skull ;  the  vestibular  fluted  part  is  very  elegant,  with  its  two  pairs  of  semicylindrical 
tracts,  gradually  enlarging  backwards,  and  then  appearing  to  end,  in  each,  in  a  point. 
Between  these  pointed  ends,  of  which  the  submesial  go  furthest  back,  the  roof  (al.e.) 
is  sinuously  and  gently  concave,  and  then  ends  in  a  perforated  triangular  tongue — 
as  in  Birds — that  tongue-like  growth  being  the  top  of  the  moderately  developed 
cartilaginous  “crista  galli  ”  (cr.g.). 

Bight  and  left  of  the  crista  galli — which  is  the  concave  free,  posterior,  mediastinal 
edge  of  the  perpendicular  ethmoid  (see  also  fig.  3,  p.e.,  cr.g.),  the  large,  hollow, 
burrowing  olfactory  fossae  are  seen  floored  by  the  multiperforate  cribriform  plate  (cr.p.). 
This  porous  roof  over  the  “  middle  turbinals”  is  itself  the  floor  of  the  fore  skull,  and 
these  two  pre-cranial  ovens  are  themselves  roofed  in  front  and  at  their  sides  by  the 
arched  edges  of  the  upper  turbinal  regions  of  the  olfactory  capsule.  The  copious  growths 
of  the  upper  turbinal  ( u.th .)  are  indicated  right  and  left  in  the  great  pillow-shaped 
lobes  of  the  ethmoid.  On  the  inner  edge  of  each  of  these  there  is  a  small  angular  tag 
of  cartilage,  and  at  a  moderate  distance  behind  the  round  swelling  end  of  these  upper 
turbinal  masses,  the  round  fore  end  of  the  cartilaginous,  outer  part  of  the  orbito- 
sphenoid  (o.s.)  is  seen;  the  tag  is  the  remnant  of  the  bond  that  did  hold  the  much 
larger  orbitosphenoid  to  the  olfactory  capsule. 

The  cribriform  plate  is  margined  behind  by  a  thick  rim  of  cartilage — very  thick 
inside  and  below  the  tag ;  but  nearer  the  middle  the  cartilage  is  still  more  solid,  form- 
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ing  a  remarkable  structure  right  and  left  of  the  axial  crest,  which  is  hollow  between 
these  two  sessile  berries  of  cartilage,  and  then  thickens  as  it  passes  into  the  presphe- 
noidal  region  (p.s.). 

We  must  cross  over  into  the  territory  of  another  group  of  the  “  Amniota  ’  to  get 
an  explanation  of  these  parts,  which  appear  to  be  rather  for  ornament  than  use,  but 
which  are  really  most  important  in  their  morphological  signification. 

In  the  chondrocranium  of  the  Crocodile  and  Alligator  (see  Trans.  Zool.  Soc.,  vol.  xi., 
plates  63-67,  and  especially  plate  67,  fig.  1,  i.tr.,  c.tr.)  we  have  the  explanation  of 
this  right  and  left  berry-shaped  swelling  of  the  hind  part  of  the  ethmoidal  region. 
They  are  the  swollen  ends  of  the  paired  trabecuhe — the  “  cornua  trabeculae,”  so 
familiar  to  us  in  the  Ichthyopsida.* 

A  large  unciform  lobe  of  the  orbitosphenoidal  cartilage  (o.s.)  is  seen  lying  upon  the 
bony  alisphenoid  ( al.s .),  but  it  is  now  two-thirds  its  own  length  from  the  front  edge  of 
the  large  superauditory  (or pterotic)  cartilage  ( s.a.c .),  with  which  it  was  once  continuous. 
The  hind  margin  of  the  still  large  orbitosphenoicl  is  a  great  semicircular  notch,  the 
fore  margin  is  wavy,  up  to  the  rounded  front  and  outer  margin.  The  first  and  largest 
rounded  notch  of  the  orbitosphenoicl  fits  against  the  berry-like  cornu  trabeculae  (c.tr.), 
and  the  inner  angle  of  the  bone  is  separated  from  the  same  part  of  the  other  side  by 
cartilage,  the  hindmost  part  of  the  perpendicular  ethmoid  (p.e.).  Nearly  in  the 
middle  of  the  inner  margin  of  the  bony  part  the  oblique  optic  passage  (II.)  is  seen  well 
margined  by  bone  behind  (see  also  fig.  1),  but  in  this  aspect  this  margin  of  bone  is 
pressed  upon  by  a  mass  of  cartilage.  Between  the  two  bony  tracts — orbitosphenoids 
(o.s.) — there  is  a  short,  thickish  wedge  of  bone  with  notched  sides  ;  this  is  the  presphe¬ 
noid  (p.s.),  it  is  doubtfully  independent,  but  is  well  marked  off  by  a  right  and  left 
groove,  t 

The  cartilaginous  tract  between  the  pre-  and  basi sphenoidal  ossifications  is  also 
elevated  into  a  sort  of  double  berry  ;  here  with  no  stem  between.  Here  we  have  the 
trabeculae  behind  the  intertrabecula,  with  the  thickening  at  their  origin,  showing  here 
most  on  the  upper  side,  whereas  this  is  seen  most  on  the  lower  in  the  Crocodilia  (op. 
cit.,  Plate  65,  figs.  1-3).  The  large  bony  alas  (al.s.)  lie  down  low  and  are  well  scooped; 
they  have  a  sharp  raised  ridge  on  their  inside,  and  this  is  separated  from  the  now 
confluent  basisphenoid  by  a  groove  which  is  open  at  both  ends ;  in  the  hinder  space 
the  internal  carotid  artery  (i.c.)  enters,  and  then  runs  along  the  groove.  In  front,  the 
basisphenoid  projects  between  the  roots  of  the  trabeculae  ;  behind,  it  is  notched  thrice 

*  The  reader  is  also  referred  to  the  sections  of  the  skull  of  the  embryo  Turtle  ( Chelone  viridis ) 
( ‘  Challenger  Reports,’  Zool.,  vol.  i.,  plate  5,  especially  fig.  7,  i.tr.,  tr.) .  If  these  figures  be  compared  with 
those  of  the  like  sections  of  the  skull  of  the  embryo  of  Struthio  camelus  (Phil.  Trans.,  1866, 
Plate  10,  figs.  2-5,  s.n.),  and  of  the  skull  of  the  Chick  (Phil.  Trans.,  1869,  Plate  81,  fig.  6,  s.n.,  and 
ibid.,  Plate  83,  fig.  4,  s.v.l.),  the  meaning  of  these  things  will  be  evident. 

f  The  presphenoid  is  very  rarely  an  independent  ossification ;  it  attains  to  that  special  condition  most 
perfectly  in  the  Marsupials  and  Rodents ;  but  in  that  remarkable  Insectivore,  Iihyncocyon,  the  pre¬ 
sphenoid  has  evidently  had  its  own  longitudinal  centre  of  ossification. 


DEVELOPMENT  OF  THE  SKULL  IN  THE  MAMMALIA. 


115 


to  receive  the  three  convexities  of  the  parachordal  tract.  The  bone  is  gently  hollow 
for  the  pituitary  body,  and  this  “sella  turcica”  is  finished  behind  by  the  triple  rising, 
very  slight,  of  the  postpituitary  wall,  the  fore  part  of  the  cartilaginous  tract  in  which 
the  basisphenoid  and  basioccipital  (h.o.)  will  ultimately  meet.  The  three  convexities 
of  the  cartilage  are  due  to  the  manner  in  which  the  thick  parachordal  tracts  met,  and 
united,  over  the  narrowing  cranial  end  of  the  notochord. 

Below  (fig.  1),  the  investing  mass,  or  parachordal  cartilage,  was  finished  into  bone 
right  and  left,  by  the  basioccipital  (h.o.) ;  above,  the  sharp  edges  that  lie  against 
the  nut-shaped  cochlese  (chi.)  are  unfinished,  the  rest  corresponds  with  what  is  seen 
below. 

The  cochleae  (chi.)  look  broader  in  this  aspect  than  from  below;  they  overlap  the 
out-thrust  alisphenoids,  somewhat;  their  arched  inner  porch  or  meatus  interims  (VII., 
VIII.)  is  seen  in  this  view,  and  also  the  widened  chinks  for  the  9th  and  10th  nerves 
(IX.,  X.).  The  bulging  supraoccipital  centre  (s.o.)  has  the  outer  third,  on  each  side, 
occupied  with  a  large  convex  inturned  crest  of  cartilage,  which  runs  forwards  in  front 
of  the  hinder  angle  of  the  alisphenoid ;  that  foremost  part  is  the  remnant  of  the 
great  continuous  band  that  did  run  into  the  orbitosphenoicl.  It  is  mainly  the  hinder 
third  of  the  sides  of  the  “  tegmen  cranii,”  and  is  supraoccipital  behind,  and  “  pterotic  ” 
at  the  sides.* 

This  “  demonstration  ”  will  be  finished  when  I  have  described  the  great  septum  of 
the  nasal  labyrinth  in  its  lateral  aspect  (Plate  15,  fig.  3).  The  whole  of  the  large  crest 
of  the  intertrabecula  is  rather  low,  its  basal  or  primary  part  is  very  round  and  solid. 
A  large  oval  fenestra  ( i.n.j, \)  lies  in  front  of  the  crest,  surrounded  by  the  alinasal 
growths  (al.n.). 

These  are  figured  as  cut  away,  but  from  the  lower  part  there  is  given  off  the 
recurrent  or  Jacobson’s  cartilage  (rc.c.),  a  long,  hollow-faced  spatula,  with  a  small 
vomerine  bone  (r\)  above  its  dilating  part,  in  front.  The  aliseptal  fold  (al.sp.)  is  thin, 
but  where  the  hinder  part  of  the  roof  is  cut  through  the  aliethmoid  (al.e.),  there  the 
cartilage  is  very  solid.  Behind  it  the  cartilaginous  crista  galli  (cr.g.)  stands  like  a 
reversed  “  rostrum.”  The  margin  of  the  septum  then  forms  one  large,  nearly  semi¬ 
circular  notch  along  the  thin  end  of  the  intertrabecular  septum  (p.e.).  Concentrically 
with  this,  a  little  lower  down,  the  thick,  cribriform  plate  (cr.p.)  is  cut  through.  Behind 
the  fossae,  the  stem  of  the  cornu  trabeculae  (see  fig.  2,  c.tr.)  is  cut  through,  and  then 
comes  the  orbito-presphenoidal  bone  (p.s.)  grooved  laterally  in  the  attempt  to  form 
a  distinct  median  centre.  Much  cartilage  is  still  unused,  below  and  behind ;  then 
the  basisphenoid  (h.s.)  shows  itself  through  the  thickness  of  the  basal  beam.  The 

*  This  lateral  tract  is  ossified  separately  in  the  Osseous  Fishes  as  the  “  pterotic  ”  (see  “  Salmon’s 
skull,”  Phil.  Trans.,  1873,  Plates  5-8).  In  the  Mole  and  Shrew  the  ossification  of  this  part  (as  I  shall 
presently  show)  takes  place  in  a  remarkable  manner.  The  opisthotic  rapidly  ossifies  nearly  all  the  walls 
of  the  labyrinth,  but  the  prootic  arises  in  its  normal  place,  and  then,  pushed  upwards,  so  to  speak,  by  the 
huge  opisthotic,  runs  into  this  superauditory  crest,  forming  a  ptero-prootic  bone. 
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hind  part  of  the  septum  is  marked  with  hills  and  hollows  that  correspond  with  the 
folds  of  the  middle  turbinal. 


Summary  and  Conclusion. 

In  the  present  state  of  my  research  I  can  make  but  little  use  of  comparisons,  and 
draw  very  few  deductions.  Most  of  the  work  already  done  is  still  in  the  form  of 
figures,  with  no  written  descriptions,  and  that  is  only  about  a  fifth  of  the  work  laid 
out  for  me  in  the  Mammalian  Class. 

Nevertheless  I  am  much  mistaken  if  the  knowledge  already  obtained  in  this  Order 
of  the  Edentata,  alone,  is  not  of  considerable  value  ;  the  living  types  composing  it  are 
so  far  removed  from  each  other  by  specialization  that  they,  evidently — Family  after 
Family — represent  large  groups  of  forms  that  must  have  existed  in  the  past. 

As  placental  Mammalia,  these  types  come,  of  necessity,  into  Professor  Huxley7’s 
highest  group — the  “  Eutheria and  yet  in  both  the  skull  and  the  other  parts  of  the 
organization  worked  out  by  me,  namely,  the  shoulder-girclle  and  sternum,  they  come 
nearer  at  tunes  to  the  Prototheria  than  the  Marsupials  themselves — that  middle 
group,  the  Metatheria. 

Therefore  it  occurs  to  me,  and  the  author  whose  terms  I  have  just  used  will,  I  be¬ 
lieve,  agree  with  me  in  this  view,  namely,  that  these  Edentata  are  the  direct  children 
of  the  Prototheria.  That  they  passed  through  a  Metatherian  stage  is  a  thing  not  to 
be  controverted,  but  I  believe  that  it  was  not,  in  most  cases  at  least,  utilized — it  was 
an  abbreviated  prenatal  stage  ;  they  lost  their  Marsupial  bones  and  never  acquired 
any  Marsupial  modification  of  their  abdominal  skin.  A  great  satisfaction  now  arises 
to  me  from  the  fact  that  my  very  narrow  line  of  research  brings  me  to  the  reiteration 
of  Professor  Flower’s  views  of  the  Edentata,  inter  se. 

The  Old  World  types  are  sharply  divided  from  those  of  the  New  World ;  but  types 
so  different  in  appearance  and  habits  as  the  Sloth  and  the  Ant-bear  can  be  shown  by 
embryology,  as  well  as  by  their  general  anatomical  structure,  to  be,  in  reality,  closely 
related.  Adaptive  modification  has  done  its  utmost  in  these  two  cases ;  but  it  has 
only  masked,  it  has  not  destroyed,  the  essential  fundamental  conformity  of  these  two 
grotesque  and  aberrant  types  of  Mammals. 

I  need  not  repeat  here  what  I  said  in  the  Introduction  as  to  my  change  of  views 
since  the  publication  of  my  paper  on  the  Pig’s  skull  (Phil.  Trans.,  1874,  Plates 
28-37),  as  to  the  general  homology  of  the  “  ossicula  auditus.”  The  researches  of 
Balfour,  Salensky,  and  Fraser  have  caused  me  to  think  over  this  question  again, 
and  to  doubt  the  conclusion  that  Professor  Huxley  first,  and  I  afterwards,  had  come 
to  on  this  question  ;  if  further  research  shows  that  the  views  of  to-day  are  untenable, 
I  shall  be  ready  to  receive  that  fresh  light. 

When  the  development  of  the  skull  has  been  worked  out  in  Family  after  Family 
in  the  Orders  that  compose  the  whole  Class,  then  will  be  the  time  for  a  general 
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Summary,  and  we  shall  then  be  better  able  to  appreciate  the  fragmentary  nature  of 
the  existing  groups  of  Mammalia,  and  to  imagine,  in  some  degree,  with  the  help  of 
Paleontology,  what  the  lost  kinds  were  like. 

In  working  out  this  Order  I  have  had  constantly  to  refer  to  the  structure  and 
development  of  the  skull  in  the  Sauropsida,  and  at  the  same  time  to  be  careful  not  to 
call  any  modification  of  a  low  Mammalian  type  of  skull  Reptilian  or  even  Sauropsidan. 
I  want  a  term  of  wider  import  than  even  Professor  Huxley’s  title  for  the  Mammalian 
root-stock,  namely,  “  Hypotheria,”  as  that  would  only  lie  under  the  Prototheria,  and 
not  under  the  Reptiles  and  Birds  too.  Proto- Amniota  occurs  to  me,  but  unfortunately 
the  second  existing  group  of  Mammalia,  the  Marsupials  or  Metatheria,  are  themselves 
'proto-Amniota,  having  both  that  important  foetal  membrane  and  its  correlated  sac,  the 
allantois,  in  a  primary,  or  at  least  an  arrested,  condition. 

At  present,  therefore,  I  use  a  term  which,  I  think,  cannot  be  misunderstood, 
namely,  quasi- Reptilian,  as  its  use  does  not  suggest  the  idea  of  the  possessor  of  such 
a  character  being  derived  from  a  Reptilian  stock. 

Using  this  precaution,  I  freely,  from  time  to  time,  refer  the  reader  to  my  published 
figures  of  the  parts  of  the  growing  skull  in  Serpents,  Lizards,  Crocodiles,  and  Birds, 
because  that,  in  some  things,  these  highly  specialized  modern  oviparous  Amniota  retain 
certain  structural  characters  that  are  manifestly  archaic,  and  that  can  be  easily 
compared  with  their  counterparts  in  the  skull  of  the  gill-bearing  tribes. 

Out  of  the  great  number  of  parts  that  are  in  conformity  with  what  is  seen  in 
the  other  Classes,  especially  in  the  Sauropsida,  I  have  been  anxious  to  eliminate 
and  put  into  prominence,  characters  that  are  peculiar  to,  and  diagnostic,  of  the 
Mammal.  Some  of  these  are  as  much  so  as  the  hair,  and  mammary  glands,  and  are 
therefore  of  great  interest  to  the  Morpho|ogist.  Yet  the  most  striking  and  important 
of  these  have  to  be  plucked  out  of  the  very  fire  of  controversy,  so  that  the  survey  of  a 
wider  and  still  wider  field  is  urgently  necessary  ;  that  survey,  fully  made,  will  be  the 
work  of  years. 

When  speaking  of  these  low  forms — the  Edentata — and  asserting  that  they  are 
archaic,  or  arrested,  or  abnormal,  I  am,  of  course,  thinking  of  such  normal  forms  as 
the  Insectivora,  and  of  the  higher  types  that  ascend  above  them— Lemurs,  Carnivora, 
Ungulata,  &c.  Happily,  everyone  is  familiar  with  the  structure  of  the  skull,  in  the 
adult,  in  these  groups ;  and  although  these  high  forms  have  their  own  highest  or 
culminating  type — yet  that  which  is  highest  in  a  Mammalian  skull,  as  such,  can  be 
approximatively  ascertained. 

Suppression,  or  even  abortive  and  abnormal  development  of,  the  teeth  is  always 
attended  with  abnormal  development  of  the  extensive  facial  structures ;  these,  it  is 
evident,  modify  the  outward  form  of  the  head  much  more  than  any  difference  that  can 
arise  in  the  form,  or  proportional  size  of  the  skull  proper,  so  far  as  it  is  a  mere  box  to 
contain  the  central  nervous  system. 

These  remarks,  it  will  be  seen,  have  their  bearing  on  the  modifications  to  be  seen  in 
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the  skull  of  the  Edentata.  But  for  what  is  seen  in  Orycteropus,  I  should  leave 
the  Marsupial  type  of  skull  out  of  question  in  the  present  comparison.  All  the  New 
World  kinds,  and  the  Pangolins  of  the  Old  World,  may  be  considered  in  relation  to 
each  group — to  the  Monotremata  below  them,  and  to  the  Insectivora  above,  or  rather 
outside,  them. 

As  far  as  I  can  see  at  present,  the  parietals  coalesce  very  early  in  the  Monotremes, 
and  the  large  supraoccipital  grows  over  to  meet  this  quasi-reptilian  roof,  and  form 
the  lambdoidal  suture. 

In  the  Edentata  the  parietals  do  not  meet  and  coalesce  early  ;  but  the  supra¬ 
occipital  region  is  very  large,  turns  over  towards  the  parietals,  and  ossifies  early,  and 
has  no  interparietal  separating  it  from  the  parietals. 

This  takes  place  in  all  but  Orycteropus,  which  has  one  of  the  largest  inter - 
parietals  I  have  seen,  and  thus  agrees  with  Marsupials,  Insectivora,  and  the  Mammalia, 
generally,  that  have  normal  teeth. 

The  premaxillaries  are  very  small  in  the  Edentata,  especially  those  that  are  abso¬ 
lutely  toothless  ;  Orycteropus  has  the  best  developed  premaxillaries  of  any  of  the 
members  of  this  Order.  The  maxillaries  have  the  best  development  in  Orycteropus, 
and  the  feeblest  in  the  Pangolins  ;  and  they  and  the  little  Anteater  ( Cycloturus ),  have 
only  the  rudiment  of  a  jugal.  That  bone,  although  large,  does  not  make  a  finished 
zygomatic  arch  in  the  Sloths  ;  it  does  in  the  Armadillos ;  it  is  quite  normal  in 
Orycteropus.  The  most  Crocodilian  development  of  the  hard  palate  takes  place 
in  the  Ant-bear  and  the  Tamandua;  in  Cycloturus  the  pterygoids  go  quite  as  far  back 
as  in  the  large  kind,  and  are  attached  to  strong  basipterygoid  processes  of  the  basi- 
occipital  bone.  In  the  Sloths,  especially  Cholopus  didactylus,  C.  Hoffmanni,  and 
Bradypus  tridactylus,  the  pterygoids  are  vepv  large  and  long,  and  in  the  last  kind 
form  a  great  “  antrum  ”  on  each  side.  The  basioccipital  bones  have  considerable 
basipterygoid  processes  with  no  bones  attached  to  them. 

In  Dasypus,  the  Manidae,  and  in  Orycteropus ,  the  pterygoid  bones  are  quite  normal, 
but  in  the  genus  Tatusia,  amongst  the  Dasypodkke,  the  short,  thick  pterygoids  add 
somewhat  to  the  hard  palate. 

The  lacrymal  is  absent  in  the  Pangolins,  huge  in  the  Aard-Vark  and  Armadillos, 
and  smallish  in  the  Anteaters  and  Sloths. 

The  squamosal  is  pneumatic  in  all  these  types,  adding  a  considerable  upper  gallery 
to  the  tympanic  chamber ;  this  agrees  well  with  what  is  seen  in  Marsupials  and 
Insectivores. 

The  os  tympanicum  is  feebly  developed  in  all  the  Edentata,  about  equal  to  what 
we  see  in  Marsupials  and  Insectivora,  but  in  none  is  there  any  such  enlargement  of 
the  drum  cavity  as  is  seen  in  some  Marsupials,  and  a  few  Insectivora,  formed  by  a 
growth  of  the  alisphenoid  and  a  large  “os  bullae;”  nor  from  a  special  wing  of  the 
basisphenoid,  as  in  the  Hedgehog  and  Tenrec. 

Where  there  are  several  teeth,  as  in  Armadillos  and  the  Aard-Vark,  then  the  stapes 
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is  normal;  in  the  Sloths  with  fewer  teeth,  and  in  the  toothless  Anteaters  and  Pangolins, 
the  stapes  is  a  short  columella  ;  in  the  lesser  Anteater  and  in  the  Sloth  a  slight  per¬ 
foration  may  take  place  after  ossification,  but  this  element  is  imperforate  in  the 
cartilaginous  stage.  I  cannot  find  that  the  fore  part  of  Meckel’s  cartilage  forms 
any  part  of  the  “  ramus,”  as  Insectivora  and  pther  normal  Mammals ;  it  seems 
simply  to  become  absorbed,  as  in  the  Sauropsida.  The  angular  and  coronoid  processes 
of  the  lower  jaw  are  well  developed  in  all  except  the  Pangolins ;  in  them  these  parts 
are  more  aborted  than  in  the  Echidna. 

Also  in  the  early  embryo  of  the  Pangolin  the  chrondrocranium,  instead  of  equalling 
that-  of  a  Frog  or  a  Skate,  as  it  does  in  most  kinds  both  of  this  Order  and  of  the 
Mammalia,  generally,  is  very  feebly  developed,  almost  as  much  so  as  in  Serpents  and 
Lizards,  and,  as  in  the  Serpent,  the  orbitosphenoidal  plate,  at  least  its  upper  part,  is 
a  separate  patch  of  cartilage. 

In  the  osseous  stage,  the  Armadillos  of  the  genus  Tatusia  have  their  alisphenoid  in 
two  pieces,  like  the  two  separate  tracts  of  the  cartilaginous  orbitosphenoid  of  the 
Pangolin,  and  in  this  genus,  contrary  to  the  rule  of  the  Edentata,  but  according  to 
the  rule  of  the  normal  Mammalia,  the  3rd  branch  of  the  5th  nerve  notches  the  hind 
margin  of  the  alisphenoid. 

In  the  others  it  primarily  notches  the  outer  margin  of  that  free-edged  plate, 
although  it  often  becomes  enclosed  in  bone,  afterwards,  thus,  passing,  in  the  adult, 
through  a  well-formed  foramen  ovale.  Only  in  the  Sloth  do  I  find  a  bar  of  bone 
enclosing  the  space  through  which  the  2nd  branch  of  the  5th  nerve  passes  out,  thus 
forming  the  foramen  rotundum. 

And  only  in  the  Sloth  do  I  find  the  foramen  opticum,  which  begins  as  a  perfect 
passage,  surrounded  by  cartilage  behind,  converted  afterwards  into  a  mere  notch, 
thus  opening  into  the  sphenoidal  fissure.  This  is  primary  in  Marsupials,  and  excep¬ 
tionally  so  in  Sorex  vulgaris  amongst  the  Insectivora  ;  in  that  type  the  nerve  may  or 
may  not  have  a  bony  bar  formed  behind  it,  afterwards.  This  variation  may  occur  in 
the  same  individual,  the  right  and  left  sides  differing.  But  in  Marsupials,  as  in 
the  Sauropsida,  there  is,  normally,  no  postneural  cartilaginous  bar,  either  in  the 
cartilaginous  or  the  bony  stage. 

I  shall  refer  to  this  imperfect  list  of  modifications  of  the  skull  of  the  Edentata 
in  my  next  and  following  papers. 
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[Plates  1 6—39.] 

The  skull  in  this  low  group  of  placental  Mammals  ( Eutheria )  is  of  great  interest, 
and,  knowing  this,  I  have  lost  no  opportunity,  for  many  years  past,  of  procuring 
specimens  of  all  sorts,  and  of  all  ages  and  stages.  The  native  kinds,  namely,  the 
Hedgehog,  Mole,  and  Shrew,  form  perhaps,  on  the  whole,  as  instructive  a  group  as 
could  be  found  anywhere ;  they  are  related,  and  yet  distantly,  and  the  Mole  comes  in 
well  between  the  generalised  Hedgehog  and  the  very  specialised  Shrew. 

I  have  been  able  to  follow  the  Hedgehog  and  the  Mole  through  a  large  series  of 
stages,  and  the  Shrew  in  four — so  that  these  native  kinds  will  now  have  the  history 
of  their  skull  fairly  written  out.  But  the  exotic  kinds  of  Insectivora  do  not  yield  a 
jot,  in  interest,  to  those  familiar  to  us  here  ;  these  I  have  been  less  fortunate  in 
procuring.  Yet  I  think  that  I  can  now  offer  to  the  Society  a  sufficiently  detailed 
account  to  serve,  by  the  help  of  the  more  exhaustive  account  of  the  skull  in  the 
native  kinds,  to  give  a  clear  idea  of  the  morphology  of  the  skull  in  the  more  important 
Families  of  this  most  instructive  Order. 

Any  chance  of  my  ever  staying  my  hand  from  working  at  the  Insectivora,  and 
getting  to  work  at  other  Orders,  has  simply  arisen  from  failure  of  further  materials, 
as  to  embryos  and  early  young,  so  absorbing  did  the  study  of  these  types  become. 

The  materials'”'  for  this  present  paper  have  largely  poured  in  during  the  last  three 
or  four  years  ;  although  I  have  been  collecting,  as  opportunity  has  served,  for  a  long 
time,  many  of  my  specimens  have  been  waiting  for  twenty  years,  and  some  were 
prepared  forty  years  ago. 

Yet  I  feel  now,  more  than  ever,  that  any  attempt  at  working  out  the  morphology 
of  the  Mammalian  type  of  skull  would  have  been  premature  if  I  had  not  devoted 
much  time  to  the  lower  types  of  skull  seen  in  the  oviparous  Vertebrata. 

*  Mj  hearty  thanks  are  due  to  my  friends  for  these,  namely,  to  Messrs.  Carpenter,  Cunningham, 
Dobson,  Gunther,  Walter  Heape,  T.  Rupert  Jones,  J.  Murray,  R.  Major,  Nokgate,  Penrose,  South- 
well,  G.  West,  and  Professor  Moseley. 
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For  although,  of  necessity,  none  of  these  he  directly  below  the  Mammal,  yet  they 
are  of  great  profit  to  the  student  of  Mammalian  descent,  when  the  mask  of  their  own 
particular  specialisation  has  been  removed,  and  that  which  is  essential  to  the  Verte¬ 
brate  is  seen  in  each  “  platform/’  lower  and  still  lower,  so  as  to  help  the  mind  to  form 
some  useful,  if  inadequate,  idea  of  the  lost  types  that  did  underlie,  and  indeed  give 
rise  to,  the  existing  Mammalia. 

The  Common  Hedgehog,  besides  being  more  easily  obtained  than  most  kinds,  is, 
I  feel  certain,  one  of  the  most  generalised  types  in  the  Order  :  it  has  escaped  further 
from  the  Metatherian  border  than  some  (e.g.,  Rhynchocyori),  that  nevertheless  show 
much  greater  signs  of  advance  towards  the  higher  Eutheria.  Thus  the  various 
characters  seen  in  Erinaceus  are  none  of  them  so  low  as  some  to  be  seen  in  the  type 
just  mentioned,  whilst  none  are  so  high  as  others.  On  the  -whole  I  look  upon  this 
genus  as  most  normal,  for  the  Order  itself,  as  well  as  a  good  instance  of  a  low  Eutherian 
type,  with  which  to  compare  any  of  the  higher  and  more  specialised  kinds — a  sort  of 
useful  supra-marsupial  norma. # 
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The  following  are  the  stages  worked  out  in  Erinaceus  europceus : — 

First  Stage.  Embryo  of  Erinaceus  europceus ,  about  two-thirds  ripe  ;  inch 
long.* 

Second  Stage.  The  same  species,  about  three-fourths  ripe  ;  2|  inches  long. 

Third  Stage.  New-born  young  of  the  same  species  ;  inches  long. 

Fourth  Stage.  Young  Hedgehog,  two  weeks  old,  or  thereabouts;  3  inches 
long1. 

Fifth  Stage.  Young  Hedgehog,  about  a  month  old  ;  head  1^  inch  long. 

Sixth  Stage.  Young  Hedgehog,  two-thirds  grown. 

Seventh  Stage.  Young  Hedgehog  of  first  winter. 

Eighth  Stage.  Adult  Hedgehog,  nearly,  or  recently — not  old. 


First  Stage  of  Erinaceus  europseus ;  embryo  two-thirds  ripe ;  lj  inch  long. 

(Plate  17,  figs.  1,  2.) 

In  this  solid  little  embryo,  with  the  “  panniculus  ”  formed,  the  prickles  beginning 
to  project  (Plate  16,  figs.  8,  9),  the  chondrocranium  (Plate  17,  figs.  1,  2),  is  no  longer 
pure  cartilage.! 

a.  Dissected  endocranium. 

The  floor  and  sides  of  this  skull -barge  are  well  formed,  except  that  large  cracks  or 
fissures  show  themselves  below  ;  it  is  almost  as  fully  formed  of  cartilage  as  that  of  a 
young  Skate  of  the  same  size,  but  shows  some  very  remarkable  modifications  that  are 
diagnostic  of  the  Mammal.  For  instance,  the  nasal  capsule  runs  along  the  whole 
extent  of  the  rostrum,  or  intertrabecula.  The  sides  of  the  barge-like  structure  have 
given  way,  right  and  left  between  the  ear  and  the  eye,  or  between  the  auditory  capsule 
and  the  orbitosphenoid  (o.s.) ;  thus  the  alisphenoids  are  squeezed,  as  it  w’ere,  outside 
the  rest  of  the  structure,  as  if  part  of  a  wall  should  bulge  out  and  break  away  from 
the  “  coping-stone.” 

To  those  two  characteristics  I  may  add  the  extensive  plate  of  perforated  cartilage 
(“  cribriform  plate  ”)  for  the  multitudinous  nerves  proceeding  from  the  “  rhinen- 
ccphala.”! 

This  irregularly  pyriform  chondrocranium  is  a  very  extensive  and  complex  structure, 
through  the  union,  with  the  cranium,  proper,  of  the  fore  and  hind  sense-capsules. 

*  In  all  the  measurements  I  exclude  the  tail,  unless  it  is  specially  mentioned the  length  is  from  the 
snout  to  the  root  of  the  tail,  the  length  of  the  head  and  body,  separately  measured,  being  added  together. 

f  In  my  next  instance — the  Mole — I  shall  give  an  account  of  that  earlier  stage,  before  any  bony 
deposit  has  appeared.  (See  Plate  25,  figs.  I,  2.) 

+  The  only  other  type  that  shows  a  cribriform  plate  is  the  Myxinoid  (see  Phil.  Trans.,  Yol.  174, 
Plate  17,  fig.  4,  p.  401)  ;  in  that  case,  however,  only  jive  nerves  pass  out  on  each  side,  through  a 
perforated  membrane. 
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The  front  pair,  or  olfactory  capsules,  are  half  the  length  of  the  skull  (fig.  17,  al.n., 
al.e .) ;  the  hind  pair,  or  auditory  (chi.),  take  up  much  of  the  skull  in  its  hinder  part, 
aborting,  by  their  implantation,  a  large  amount  of  the  inferolateral  walls  in  front  of 
the  occipital  arch.  The  roof  is  so  largely  open,  when  the  investing  bones  have  been 
removed,  that  the  sides  and  base  can  be  studied  as  well  from  the  upper,  as  from  the 
under,  face. 

On  the  under  face  of  the  skull  (fig.  1)1  have  figured  three  bones  of  the  vomerine 
series,  although  they  belong  to  the  investing  bones  ;  this  is  because  of  their  peculiar 
relation  to  the  olfactory  capsules,  and  especially  the  parts  called  “Jacobson’s  organs.” 

Beginning  at  the  snout  (fig.  1,  al.n.),  we  see  that  the  external  nostrils  (e.n. ) 
are  at  present  inferolateral  in  position,  being  seen  better  on  the  lower  (fig.  1)  than 
on  the  upper  face  (fig.  2).  Their  direction  is  oblique,  and  they  are  extensive  open 
spaces.  The  rounded  and  emarginate  fore  end  of  the  snout  is  followed  by  the  coils 
that  surround  the  nostrils,  which  widen  out  and  are  marked  off  by  a  groove  ;  behind 
these  coils,  the  snout  enlarges  on  the  under  surface  into  two  large  flaps,  that  meet 
in  the  middle  at  an  obtuse  angle,  which,  however,  is  cut  away,  so  to  speak,  and  made 
acute  by  the  sinuosity  of  the  selvedge  of  the  flaps.  Here  the  labyrinth  has  its  walls 
pinched  in,  before  it  expands  to  form  the  swollen  olfactory  or  ethmoidal  region.  The 
margining  hind  flaps  of  the  snout  are  only  partially  free,  yet  they  overlap  (or  rather 
grow  under)  the  two  pairs  of  cartilaginous  growths  into  which  they  are  developed, 
backwards.  The  outer  pair  of  cartilaginous  growths  simply  form  the  general  wall  of 
the  capsule,  here  called  aiiseptal  (al.sp.) ;  the  sides  of  the  capsule  which  are  con¬ 
fluent  with  the  septum  nasi,  above  (fig.  2),  are  tucked  under,  below  ;  and  inside  their 
edges  another  tract  of  cartilage  is  seen  of,  apparently,  the  same  width  as  this  arrested 
floor.  This  submarginal  tract  is  the  inferior  turbinal  (i.tb.)  and  is  really  very  exten¬ 
sive,  as  we  shall  see  in  the  sections  (Plate  18) ;  it  arises  as  a  longitudinal  outgrowth 
from  the  inner  face  of  the  outer  wall,  and  is  half  the  length  of  the  entire  labyrinth 

There  are  also  two  submesial  cartilages,  three-fourths  the  size  of  the  inferior 
turbinals ;  these  are  retral  developments  of  the  snout,  and  I  call  them  simply  the 
“recurrent  cartilages”  (rc.c.)  ;  they  are,  however,  very  important,  being  the  proper 
capsules  of  Jacobson’s  organs.  These  tracts  only  partially  close  in  above,  forming  a 
sort  of  trough  in  which  the  organs  of  Jacobson  lie.  They  are  elegant,  somewhat 
sigmoid,  long,  revolute  leaves  of  cartilage,  with  their  convex  face  looking  outwards 
and  downwards. 

Each  leafy  part  is  supported  by  a  bone,  the  form  of  which  they  dominate,  so  that 
each  tract  is  also  hollow  on  the  face  that  looks  towards  the  curved  inner  edge  of  the 
cartilage ;  it  lies  on  the  inside,  back  to  back  to  its  fellow  :  these  are  the  front,  paired 
vomers  (v'.),  and  answer  to  the  paired  vomers  of  the  Snake  and  Lizard  among 
Reptiles.* 

*  In  the  two  latter  these  paired  vomers  are  very  curiously  modified,  and  have  over  them  an  extra  pair 
of  bones  (septo-maxillaries),  the  two  bones  on  each  side  forming  a  capsule  to  the  organ  of  Jacobson, 
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Between  these  front  paired  vomers,  the  proper  azygous  vomer  ( v .),  which  only  appears 
in  highly  specialised  types — as  Teleostei,  Chelonians,  certain  Birds,  and  Mammals — 
passes  its  fore  end  between  and  above  the  paired  bones,  and  then  becomes  carinate 
to  rest  upon  the  hard  palate ;  it  widens  behind  to  support  the  olfactory  capsule,  where 
are  developed  the  so-called  “  middle  turbinals.” 

The  aliethmoidal,  or  the  olfactory  region  ( al.e .),  is  divided  right  and  left  into  a 
large  antero-superior  lobe  and  a  small  postero-inferior.  The  latter  contains  the 
hinder  part  of  the  middle  turbinal  folds  ( m.tb .),  and  the  former  the  whole  of  the 
upper,  and  the  fore  part  of  the  middle  turbinals.  A  deep,  sinuous  valley  is  seen 
between  this  bilobate  swelling,  right  and  left,  and  the  great  orbitosphenoidal  wings 
(' o.s .),  whilst,  laterally,  the  cranium  is  narrowed  behind  the  lateral  ethmoidal  region, 
and  then  swells  out  still  more  in  the  orbitosphenoidal.  All  the  sinuosities  of  the 
lateral  outline  of  the  endocranium  are  gentle  and  very  elegant ;  there  are  several  in 
the  auditory  and  occipital  region,  where  the  “  stern  ”  of  the  barge-like  skull  narrows  in. 

The  nasal  labyrinth,  on  its  lower  aspect,  shows  some  of  its  complexity  through  its 
fissures  ;  where  the  floor  of  the  capsule  is  bound  by  the  vomerine  forks  ( n.f. ,  v.),  there 
it  is  seen  to  run  forwards,  right  and  left  of  the  vomer,  as  a  spike  of  cartilage. 

This  will  be  seen  in  its  full  size  in  the  sections  ;  I  have  called  it  the  “precurrent 
cartilage”  (see  fig.  8 ,pc.c.);  it  may  reach  the  recurrent  cartilage  (rc.c.),  as  in  Orycteropus ; 
here,  however,  it  does  not  quite  reach  it.  In  the  hooked  angular  space  between  the 
larger  and  lesser  swellings  of  the  ethmoid  the  foremost  outgrowth  of  the  middle 
turbinals  (m.tb.)  can  be  seen. 

Between  the  forks  of  the  vomer  the  basicranial  beam  shows  itself ;  here  it  is  com¬ 
posed  of  all  the  three  prepituitary  rods,  trabeculae,  and  intertrabecula  ;  its  anatomical 
names  here  are  perpendicular  ethmoid  ( p.e .),  between  the  forks  of  the  vomer  ;  pre¬ 
sphenoid  (p.s.),  for  a  short  distance  behind  the  forks;  and  basisphenoid  ( b.s .)  still 
further  back,  where  it  is  perforate  ;  a  primary,  oval,  pituitary  opening  being  left  at  this 
part.  Right  and  left  of  that  space  we  see  the  “  sphenoidal  fissure,”  which  allows  a 
number  of  cranial  nerves  to  escape — third,  fourth,  part  of  the  fifth,  and  the  sixth. 

The  great  orbitosphenoid  (o.s.)  has  its  moderately  broad  base  or  proximal  part 
divided  off  from  the  presphenoid  merely  by  an  inferior  groove  ;  it  curls  round  behind 
the  ethmoidal  masses  (al.e.),  widening,  expanding,  and  becoming  convex.  Nearly 
half-way  towards  the  outer  margin  is  seen  the  optic  foramen  (II.),  which  lies  nearer 
the  hind  than  the  front  edge  of  the  band.  The  free  upper  edge  of  the  orbitosphenoid 
(o.s.)  is  not  seen  in  this  figure  (see  fig.  2),  but  it  can  be  seen  that  the  wide  upper  part 
is  continuous  with  the  nasal  capsule  (al.e.)  in  front,  and  with  the  supra-auditory 
region  of  the  side  wall  of  the  skull  (s.a.c.),  behind. 

In  this  early  vegetative  state  of  the  endocranium  there  is  something  very  fiower-like 
in  its  various  parts,  both  as  to  their  shapes  and  their  development.  Right  and  left  of 

which  is  only  partly  supported  by  the  feeble,  and  sometimes  detached,  recurrent  cartilage.  Tbe  fact  is 
that  these  curious  and  enigmatical  organs  dominate  different  skeletal  parts  in  different  types. 
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the  widening  skull-beam  ( b.s .),  now  becoming  parachordal,  and  also  osseous,  there  is  a 
large  leafy  growth,  a  broad  petaloid,  ear-shaped  tract ;  this  is  the  free,  outlying 
alisphenoid  ( al.s .).  This  “  wing  ”  is  broadly  falcate,  tbe  handle  being  made  by  the 
cutting  away  of  its  proximal  part  to  widen  the  sphenoidal  fissure  ;  the  blade  has  its 
antero-external,  sharp  edge  equal  to  a  quadrant ;  its  point  is  somewhat  rounded  ;  and 
its  back,  looking  towards  the  auditory  capsule  (chi.),  is  gently  concave.  This  hinder 
wing  does  not  quite  reach  to  the  margin  of  the  continuous  skull-wall  ( o.s .,  s.a.c.). 
Half-way  from  the  pituitary  opening  (pi).)  to  the  edge,  and  nearer  the  hind  than  the 
fore  margin  of  the  wing,  we  see  the  foramen  ovale  for  the  third  branch  of  the 
trigeminal  nerve  (V3.),  but  there  is  no  separate  passage,  as  yet,  for  the  second — the 
foramen  rotundum. 

One-third  of  the  hind  margin  of  the  alisphenoid  is  ossified ;  the  bony  matter  forms 
a  selvedge  both  to  the  foramen  and  the  hind  edge  of  the  wing.  Also  behind  the 
pituitary  hole  there  is  a  pyriform  ossification  as  large  as  the  two  alisphenoidal  centres 
together ;  its  broad  fore  end  is  perforated — part  of  the  pituitary  space ;  this  bone  is 
the  basisphenoid  (b.s.). 

Behind  this  bone  the  basis  cranii  shows  three  wide  convex  tracts,  margined  by  a 
lesser  concavo-convex  tract,  right  and  left.  '  The  least  convex  of  the  three  main  parts 
is  cut  away,  so  to  speak,  right  and  left,  in  a  perfect  semicircle,  by  the  more  convex 
masses,  each  margin  being  bevelled  down  to  a  sharpish  edge.  This  region  is  the 
“  spheno-occipital  synchondrosis,”  which  gradually  becomes  less  and  less  until  the  basi¬ 
sphenoid  bone  (b.s.)  meets  the  basioccipital  (b.o.). 

The  large  swollen  part  and  the  lesser  sinuous  margins,  right  and  left,  both  belong  to 
the  auditory  capsule,  the  inferior  surface  of  which  is  well  displayed  in  this  aspect.  The 
cochlea  (chi.)  shows  three  coils,  in  front  of  which  there  is  a  fissure  through  wdiich  vessels 
pass,  and  also  the  7th  nerve,  which  runs  inside  the  eave  or  outer  thickening  of  the  ear- 
capsule  under  the  tegmen  tympani  (t.ty,).  That  archway  is  ended  by  the  epihyal 
(e.hy.)  in  its  confluence  with  the  opisthotic  region  of  the  ear-capsule,  and  under  it  the 
7th  nerve  (VII.)  runs,  and  behind  it  this  nerve  escapes  ;  its  exit  is  through  the  stylo¬ 
mastoid  foramen,  and  before  its  exit  it  gives  oft*  its  returning  fork,  the  chorda 
tympani.  In  front  of  the  epihyal  the  fenestra  ovalis  (fs.o.)  is  seen,  behind  it  the 
fenestra  rotunda  ( fr ,),  and  inside  that  the  enlarged  fissure  for  the  9th  and  10th 
nerves  (IX.,  X.) 

Behind  this  cranio-auditory  chink,  the  occipital  arch  is  perforated  a  little  nearer  the 
mid-line,  for  the  hypoglossal  nerve  (XII.),  and  behind  the  epihyal  that  arch  has  a 
definite  paroccipital  thickening  of  an  oval  shape. 

Here  the  lateral  ossification  (e.o.)  has  taken  up  much  of  the  tract  between  the  par- 
occipital  swelling  and  the  condyle  (oc.c.) ;  it  reaches  the  condyloid  foramen  (XII.). 
The  enlarged  cartilaginous  tracts,  right  and  left,  that  form  the  condyles  give  the  hind 
margin  of  the  basis  cranii  an  emarginate  outline  ;  into  this  emargination  under  the 
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foramen  magnum  (/.to.)  the  notochord  ( nc .)  still  projects.  It  is  embedded  in  the 
middle  of  a  roughly  jDentagonal  bony  plate,  the  basioccipital  ( b.o .). 

The  structure  of  this  fundamental  and  most  instructive  skull  will  be  still  better 
understood  by  referring  to  the  upper  aspect  (fig.  2). 

Here  the  snout  ( al.n .)  is  seen  to  be  much  shorter  than  below,  and  partly  pinched  off 
from  the  next  or  intermediate  nasal  region,  the  aliseptal  ( al.sp .),  which,  in  turn,  passes 
a  little  suddenly  into  the  enlarged  olfactory  region,  proper,  the  aliethmoidal  ( al.e .). 

Here  all  is  finished,  the  crested  intertrabecula  being  confluent  with  the  nasal  roofs 
throughout  their  whole  extent ;  a  peculiarly  Mammalian  structure.  The  hind  margin 
of  the  double  labyrinth,  above,  is  elegantly  bracket-shaped,  the  proper  roof  ending 
thick-edged,  in  front  of  the  huge  lozenge-shaped,  perforated,  secondary  roof,  or  cribri¬ 
form  plate  ( cr.p .).  The  partition  wall,  septum  nasi  ( s.n .),  in  front,  and  perpendicular 
ethmoid  (p.e.),  behind,  is,  at  first,  scarcely  apparent,  above  ;  then  in  the  aliseptal  region 
it  thickens  out  considerably,  and  the  tract  between  the  upper  turbinals  does  this  again, 
but  to  a  lesser  degree.  This  top  of  the  wall  thickens  out  in  front  of  the  cribriform 
plate,  to  fill  in  the  space  between  the  retiring  roof;  it  then,  in  the  rhinencephalic 
fossa,  narrows  considerably,  to  swell  out  again  as  the  presphenoid  ( p.s .).  The  perfora¬ 
tions  for  the  olfactory  nerves  are  simply  countless,  two  crescentic  rows  lie  back  to 
back,  close  to  the  septum,  and  then  about  five  more  valleys,  full  of  holes,  run  forwards 
and  inwards  from  the  postero-external  margin  of  the  great  fossa.  On  a  higher  level 
than  this  valley  full  of  holes  are  the  roots  of  the  orbitosphenoids  ( o.s .)  which  are  not 
so  broad  as  the  basal  beam  from  which  they  arise,  the  presphenoidal  region  (p.s.) ; 
these  frond-like  growths  of  cartilage  run  up  to,  and  beyond,  the  most  bulging  part  of 
the  skull  in  front,  and  form  a  good  floor  and  -wall  to  the  region  of  the  fore-brain. 

Confluent  with  the  edge  of  the  cribriform  plate  in  front,  they  are  free  behind,  and 
have  a  thrice-notched  margin  there ;  their  selvedge  looks  upwards,  and,  in  front, 
melts  into  the  general  ethmoidal  roof ;  whilst,  behind,  it  is  continuous  with  the  large 
pterotic  or  supra- auditory  crest  ( s.a.c .),  which  in  turn  passes  insensibly  into  the 
supraoccipital  (s.o.).  The  roof  of  this  skull,  therefore,  although  open,  or  only  covered 
by  the  investing  bones,  rests  upon  a  complete  rim  of  cartilage,  from  the  top  of  the 
perpendicular  ethmoid,  in  front,  to  the  middle  of  the  supraoccipital  cartilage,  behind. 

But  the  mid-brain  rests  upon  the  bulging,  broken  wrall  of  the  hinder  sphenoid,  and 
the  alisphenoidal  plate,  right  and  left  (al.s.),  is  seen,  in  this  view,  away  from  the  eye 
and  partly  hidden  by  the  orbitosphenoid  (o.s.).  Down  in  the  floor  we  see  the  optic 
passages  (II.),  the  sphenoidal  fissure  for  various  nerves  (V1,3.),  the  foramen  ovale  (V3.), 
and  the  fissure  between  the  cochlea  (chi.)  and  the  alisplienoid,  through  the  inner  part 
of  which  the  internal  carotid  artery  enters. 

Then  in  the  auditory  capsule  itself  the  sieve  for  the  7th  and  8th  nerves  (VII., 
VIII.) ;  between  the  capsule  and  the  skull  the  posterior  lacerated  foramen  for  the  9th 
and  10th  nerves  (IX.,  X.)  ;  and  through  the  contiguous  exoccipital  tract  the  proper 
foramen  fur  the  hypoglossal  (XII.). 
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Likewise  we  see  the  three  posterior  sphenoidal  osseous  centres  (al.s.,  b.s.),  the  three 
lower  centres  of  the  occipital  arch  ( e.o .,  b.o.),  and,  also,  the  two  upper  centres  that  form 
this  subsequently  single  keystone  piece  or  proper  supraoccipital  (5.0.) — as  distinct 
from  the  interparietal  which  may  coalesce  with  it. 

Over  the  auditory  capsule  the  pterotic  band  ( s.a.c .)  is  notched  ;  behind  that  notch, 
looking  downward,  we  partly  see  the  recess  under  the  arch  of  the  anterior  canal  for 
the  “  flocculus  cerebelli.” 

Visceral  arches  of  First  Stage. 

The  mandibular  arch  of  this  stage  (Plate  22,  figs.  1,  2,  ml.,  mlc.,  b.mn.)  is  a  remark¬ 
able  structure,  being  composed  of  both  an  outer  and  an  inner  “  ramus.”  Part  of  the 
epibranchial  element  of  the  first  arch  will  afterwards  be  described  as  the  pterygoid 
cartilage,  the  only  remnant  of  the  huge  overgrowth  of  this  part  seen  in  Selachians. 
The  quadrate  region  is  greatly  masked  in  this  case — that  of  the  Mammal — for  the 
orbital  process  or  “  pedicle”  is  suppressed,  and  the  small  pterygoid  remnant  is  far  off, 
forwards,  whilst  the  small  reduced  quadrate  segment  is  thrown  into  the  same  line, 
along  the  undef  face,  as  the  large,  well-developed  lower  segment,  the  ceratobranchial 
element,  or  articulo-Meckelian  rod.  Moreover,  comparing  the  upper  segment  (incus 
or  quadratum)  with  that  of  a  Newt  we  see  that  its  attachment  to  the  skull  is  simply 
by  the  “  otic  process,”  close  in  front  of  the  ampulla  of  the  horizontal  semicircular 
canal.  Also  this  segment  turns  inwards  below,  behind  its  articulation  with  the  free 
mandible,  and  has  a  narrow-necked,  dilated  process  to  articulate  with  the  dilated 
remnant  of  the  extrastapedial  (the  flat  face  on  the  head  of  the  stapes). 

The  articular  region  of  the  endocranial  mandible  is  already  a  “  malleus,”  and 
already  the  “  processus  gracilis  ”  is  there  as  a  delicate  ectosteal  plate  under  the  neck 
of  the  malleus,  where  the  long,  rounded  part,  or  Meckel’s  cartilage,  begins.  The 
special  development  of  the  Mammalian  skull,  with  its  much-tilted,  auditory  capsule, 
and  closely-fitting  lower  face,  makes  that  hinge  vertical,  which  is  horizontal  in  ail  the 
Oviparous  types.  A  short  process  on  the  inside  of  the  cartilaginous  malleus  answers 
to  the  “posterior  angular  process  ”  of  the  mandible  of  the  Bird  ;  whilst  the  “internal 
angular  process”  of  the  Bird,  especially  that  of  the  Fowl-tribe  (Gallinacese),  is  largely 
developed,  but  tethered  to  the  centre  of  a  radiating  plate,  and  acted  upon  by  one 
special  mandibular  adductor  muscle,  now  called  the  “  tensor  tympani.”  The  rim  of  this 
radiating  plate  is  becoming  cartilaginous,  and  is  part  of  the  jointed,  cartilaginous 
lining  of  the  ear-passage  (meatus),  but  is  ready  to  become  bone,  even  now  ;  it  does 
quickly  become  the  “  annulus  tympanicus.”  Here,  at  present,  the  mandible,  proper, 
or  Meckel’s  cartilage,  becomes  more  and  more  solid,  forwards,  and  somewhat  flattened  ; 
it  is  well-nigh  equal,  at  this  stage,  to  that  of  a  Selachian.  It  becomes  alate  or  dilated 
near  the  end,  and  then,  in  a  peculiarly  Mammalian  manner,  unites  with  its  fellow,  and 
the  two  are  finished  off  in  front  by  a  long  basimandibular  spike  (figs.  1,  2,  b.mn.). 
But  this  huge  main  rod  already  lies  in  a  groove  on  the  inside  of  a  rapidly  ossifying 
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cartilage,  which  has,  already,  the  form  of  the  maxilla  inferior  of  a  Mammal,  for  the 
coronoid,  condyloid,  and  angular  processes  (cp.,  cd.p.,  ag.p.)  are  present,  although  not 
yet  ossified.  The  rest  of  this  superficial  tract  will  be  described  in  the  palatal  aspect 
of  the  skull  as  the  glenoidal  facet  for  the  articulation  of  this  superficial  and  secondary 
mandible. 

The  pharyngohyal  element  of  the  2nd  arch  is  already  specialised  into  a  stapes  by 
growing  as  a  ring  to  the  stapedial  artery,  which  traverses  the  auditory  capsule  exactly 
where  this  little,  free  nucleus,  formed  in  the  topmost  part  of  the  hyoid  facial  fold,  is 
fitting  itself  into  the  secondary  fenestra  of  the  auditory  capsule  much  as  a  Birds 
femur  sets  itself  into  the  widely-perforated  “  acetabulum.”  The  next  or  epihyal  tract 
( e.hy .)  is  already  confluent  with  the  auditory  capsule  (Plate  22,  fig,  3,  e.hy.,  au.),  close 
below  the  ampulla  of  the  horizontal  canal ;  the  facial  nerve  (VII.)  runs  under  the 
bridge  formed  by  this  junction. 

The  ceratohyal  (c.lvy.)  is  divided  through  its  middle,  but  is  continuous  with  the 
epihyal  above  ;  and  this  tape-like  structure  divides  again  near  its  base,  developing  a 
short  subcrescentic  segment,  the  hypohyal  ( h.hy .). 

The  dilated,  semicircular  basal  element  ( b.h.br .)  rather  belongs  to  the  3rd,  or  1st 
proper  branchial  arch  than  to  the  hyoid  ;  it  carries  not  only  the  hypohyals,  but  also 
the  tliyrohyals  ( t.hy .),  short  out-bent,  thick-ended  rods,  that  articulate  with  the 
thyroid  cartilage,  and  are  the  distal  remnants  of  the  abortive  3rd  visceral  arch. 

When  once  we  are  well  assured  of  the  points  just  given,  all  the  rest  of  the 
Mammalian  facial  metamorphosis  becomes  easy  to  follow,  and  the  “  new  things  ”  thus 
produced  become  the  most  valuable  diagnostics  of  the  normal  Mammalian  face  and 
jaws. 

Amongst  the  low  Eutheria  no  better  type  than  this  can  be  found  ;  as  a  Mammal,  the 
Hedgehog  is  very  normal,  yet  it  is  much  less  specialised  than  several  of  its  congeners, 
especially  our  other  native  Insectivora. 

First  Stage  (continued). —  Vertically -transverse  sections. 

This  stage  will  now  be  illustrated  by  a  complete  series  of  vertically-transverse 
sections  through  all  the  tissues  of  the  head. 

Section  (Plate  18,  fig.  1). — This  is  in  front  of  the  septum  and  catches  the  pro¬ 
jecting  parts  of  the  aim  nasi  ( al.n .),  and  the  openings  of  the  external  nostrils  {e.n.). 

2nd  Section  (Plate  18,  fig.  2). — This  is  close  behind  the  external  nostrils  in  the 
narrow  beginning  of  the  nasal  passages  ( n.p .).  The  septum  here  ( s.n .)  is  but  little  due 
to  the  fore  part  of  the  crested  intertrabecula,  it  is  mainly  formed  by  the  confluence 
of  the  alinasal  folds  {al.n.),  back  to  back.  This  projecting  part  of  the  snout  is  grooved, 
above  and  below,  through  this  union  of  the  convex  faces  of  the  cartilages,  which  have 
made  a  partition  thick  above  and  thin  below.  Close  to  the  openings  of  the  nose  the 
aim  are  most  complete  at  the  sides,  and  the  lower  parts  are  tucked  in  where  they 
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support  the  lower  part  of  the  deep  uncinate  chink,  the  nasal  passage  (n.p.).  Over  the 
out-turned  hook  of  the  section  a  raucous  crypt,  one  of  the  many  small  distinct  nasal 
glands  ( m.g .),  are  formed  between  the  cartilage  and  the  Schneiderian  membrane. 

3rd  Section  (Plate  18,  fig.  3). — This  is  from  the  hind  part  of  the  mobile,  rooting 
snout,  and  here  the  upper  lips  begin  to  show  themselves  as  depending  lobes,  the 
hollow  of  the  palate  now  being  more  definite.  Here  the  intertrabecula  is  as  round  as 
in  an  embryo  Bird  or  a  Shark  ;  but  here  there  has  taken  place  what  is  not  seen  in  the 
projecting  part,  the  “rostrum,”  in  those  very  diverse  Ovipara,  namely,  that  the 
alinasal  folds  ( al.n .)  are  confluent  with  the  foremost  part  of  this  precranial  rod,  which 
now  takes  the  name  of  septum  nasi  ( s.n .).  Here  each  nasal  tube  is  surrounded  by 
cartilage,  the  alinasals  having  developed  each  into  an  almost  complete  tube,  the  lower 
part  of  which  projects  downwards  far  below  the  low  wall  of  partition  ;  the  two  folds  rise 
again,  back  to  back,  although  they  do  not  touch.  Each  sweeping  fold  of  cartilage  is 
indented  infero-laterally,  in  correspondence  with  the  form  of  the  nasal  passage,  which 
is  now  trilobate  ;  a  mucous  crypt  (see  also  fig.  2,  m.g.)  is  seen  outside  the  upper  lobe. 

In  several  sections,  between  this  and  No.  2,  the  lower  part  of  the  alee  nasi  had 
joined  back  to  back,  and  the  whole  snout  was  thus  confluent  in  all  its  parts  and 
formed  a  complete  double  tube,  or  non-segmented  proboscis  ;  sections  of  other  types 
(Mole  and  Shrew)  well  show  this."' 

4th  Section  (Plate  18,  fig.  4). — This  is  from  behind  the  flexible  snout,  and  now  the 
investing  bones,  most  of  which  were  removed  from  the  endocranium  (Plate  17,  figs.  1,  2), 
are  seen  in  section  as  thin  films  of  bone.  The  solid  intertrabecula,  with  its  crest,  and 
the  confluent  aliseptal  folds  of  the  nasal  labyrinth  ( al.sp .),  now  form  a  strong  septum 
nasi  (s.n.).  The  alee  are  now  free  at  their  lower  edge,  but  are  enlarged  there  into  a 
pedate  process,  which  thrusts  the  lining  skin  inwards  as  a  rounded  lobe,  looking 
downwards;  this  is  the  first  appearance  of  the  inferior  turbinal  (i.tb.)- — its  fore  end. 
The  lower  parts  of  the  cartilage,  towards  the  middle,  are  now  free  from  the  base  of 
the  septum  (s.n.),  their  section  is  a  hook,  the  lamina  just  bending  outwards,  then 
inwards,  below,  turning  round  to  support  Jacobson’s  organ  (j.o.) ;  here  seen  at  its 
fore  end. 

These  curious  submesial  retral  outgrowths  of  the  alse  nasi  are  the  “recurrent 
cartilages”  (rc.c.).  Between  these  are  the  front  paired  vomers  (v.),  the  bony  part  of 
this  locally  modified  skeletal  structure  ;  they  converge  below,  and  are  thin  uncinate 
splints  (see  Plate  17,  fig.  1,  v). 

The  enlarging  nasal  passage  (n.p.)  gives  off  from  its  main,  vertical  part,  two  outer, 
and  one  inner,  “  horn,”  the  latter  turning  inwards,  below  ;  here  and  there  a  mucous 
crypt  is  seen. 

The  nasals  (n.)  and  the  premax  diaries  (px.)  now  come  into  view.  Below,  the  fore 
part  of  the  lower  face  is  cut  across,  in  front  of  the  dentary,  but  through  the  basi- 
mandibular  cartilage  ( b.mn .),  here  nearly  circular  in  section,  a  tooth-pulp  ( t .)  is  cut 
*  The  clotted  line  in  fig.  2,  shows  where  the  cartilage  is  complete  in  the  next  section 
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across  on  each  side  ol  the  cartilage,  and  in  the  lower  skin  the  bristles  show  their 
bulbs. 

5  th  Section  (Plate  3,  fig.  5). — Here  the  septum  (s.n.)  is  deepening,  and  its  intertra- 
becular  base  is  less  bulbous.  The  nasal  labyrinth  has  thicker  walls,  and  besides  the 
expanding  rudiment  of  the  inferior  turbinal  ( i.tb .),  further  up,  the  pointed  fore  end  of 
the  nasal  turbinal  ( n.tb .)  is  cut  across ;  a  crypt  is  seen  below  it,  and  below  the 
inferior  turbinal.  The  skeletal  parts  that  protect  Jacobson’s  organs  (j.o.,  rc.c,  v.') 
are  larger  here,  and  the  cartilage  forms  a  complete  tube  for  a  short  distance ;  above 
are  the  nasals  (ft.)  ;  at  the  sides,  the  bony  laminae  belong  to  both  the  premaxillaries 
(px.)  and  maxillaries. 

Below,  the  basimandibular  cartilage  ( b.mn .)  is  depressed ;  close  in  front  of  the 
Meckelian  rods,  right  and  left,  a  tooth-pulp  ( t .)  is  seen. 

6th  Section  (Plate  3,  fig.  6). — The  septum  (s.n.)  is  now  much  higher,  and  the  bulb  at 
the  base  much  less  ;  the  side  wall  is  very  thick,  for  here  the  nasal  turbinal  inside 
(al.sp.)  is  beginning  to  clear  itself  of  the  wall ;  below  it  the  inferior  turbinal  rudiment 
is  still  seen.  Here  and  there  a  mucous  crypt  is  seen,  and  here  Jacobson’s  organ 
(j.o.)  lies  in  a  fold  of  the  recurrent  cartilage  (rc.c.),  behind  the  closed  part,  and  behind 
the  front-paired  vomers.  The  nasals  and  maxillaries  ( n.,mx .)  now  show  more  clearly, 
and  the  latter  are  developing  the  diploe,  and  are  giving  off  the  palatine  plate. 

Below,  the  dentary  (cl.)  appears,  outside  the  distinct  large  oval  section  of  each 
Meckelian  rod  (rnk.). 

7th  Section  (Plate  3,  fig.  7). — This  section  shows  several  new  things.  The  deep 
septum  (s.n.)  is  cut  through  at  the  junction  of  the  septum  nasi,  proper,  and  the 
perpendicular  ethmoid,  the  part  that  becomes  solidly  ossified  in  Mammals,  in  the  true 
olfactory  region.  Under  it  the  median  vomer  (v.)  is  seen,  and  Jacobson’s  organs 
are  small  at  this  their  hind  part.  The  nasal  passages  (n.p.)  are  now  becoming  very 
complex  or  labyrinthic  ;  this  is  due  to  the  greater  development  of  the  various  turbinal 
folds,  now  that  the  section  is  through  the  proper  olfactory  region.  The  nasal  turbinals 
(n.tb.)  are,  here,  sharp  and  turned  outwards  at  their  free  edge,  whilst  at  the  sides  the 
wall  is  giving  off  new  buds,  and  the  inferior  turbinal  (i.tb.)  is  dying  out.  A  remark¬ 
able  free  cartilage  (m.tb.),  oval  in  section,  is  seen  in  the  principal  cavity,  covered  with 
a  mass  of  tissue,  like  the  rest  of  the  mucous  and  submucous  lining.  This  is  a 
process  which  grows  forwards  from  the  lower  part  of  the  labyrinth,  from  the  region  of 
the  middle  turbinal.  It  is  large,  here,  but  much  larger  in  Orycteropus  (see  Plate  15, 
fig.  1),  in  which  I  have  called  it  the  precurrent  cartilage  (pc.c.).  The  vomer  (v.),  the 
nasals  and  maxillaries  (n.,mx.)  are  well  seen  here. 

8th  Section  (Plate  18,  fig.  8). — In  this  partial  section  the  labyrinth  is  cut  through 
just  in  front  of  the  great  olfactory  fossae  ;  the  perpendicular  ethmoid  (p.e.)  has  a 
submoniliform  outline,  due  to  three  successive  bulgings.  The  rudiments  of  the 
turbinal  outgrowths  are  seen  here,  namely,  the  upper  and  middle  turbinals 
(u.tb.,  m.tb.),  and  outside  the  latter,  and  just  distinct  from  it,  the  thick  trihedral 
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mass — the  precurrent  cartilage  (pc.c.)  at  its  hind  part;  in  the  next  section  (fig.  9) 
it  forms  the  front  projecting  part,  inwards,  of  the  middle  turbinal  ( m.tb .). 

The  vomer  ( v .)  is  here  cut  through  its  middle,  where  it  is  roughly  carinate; 
afterwards,  this  part  will  rest  on  the  palatine  plates  of  the  maxiilaries.  These  bones 
(-m.)  have  here  developed  a  large  alveolar  cavity,  and  a  tooth-pulp  is  seen  in  the 
alveolus;  the  nasals  have  their  place  taken  by  the  frontals  (f).  In  the  last,  and  in 
this,  the  mucous  crypts  (m.g.)  are  abundant,  especially  below.  The  large  oval  section 
of  Meckel’s  cartilage  (mJc.)  is  now  overgrown  with  the  diploe  of  the  dentary  ( d .), 
which  also  is  developing  an  alveolus,  with  its  tooth. 

9th  Section  (Plate  18,  fig.  9). — Here  another  partial  section  is  given  through  the 
forepart  of  the  eye-ball  (e.),  and  the  middle  of  the  rhin encephalon  which  is  giving  off 
its  fibres  through  a  mainly  membranous  cribiform  plate  ( cr.p .).  Here  the  septum  ( p.e .) 
is  much  lower,  and  beneath  it  the  vomer  (v.)  is  beginning  to  divide  into  its  hind  forks. 

The  folds  of  cartilage  are,  here,  confluent,  so  that  the  nasal  passage  is  now  in  several 
sections,  and  at  the  lower  part  a  section  of  the  space  is  growing  towards  the  cavity 
of  the  other  side  ready  to  form  the  proper  “  nasopalatine  canal.”  The  maxiilaries 
and  dentaries  (mx. ,  d.)  have  here  large  alveoli  with  their  tooth-pulps;  the  superficial 
bone,  above,  is  the  widening  frontal. 

1  Oth  Section  (Plate  18,  fig.  10). — This  is  another  partial  section,  made  through  the 
middle  of  the  eye-ball  (e.),  and  the  hind  part  of  the  nasal  labyrinth,  with  the  huge 
olfactory  lobes  (rhinencephala)  overlying  a  membranous  cribriform  plate.  The  nasal 
wall  now  forms  a  protection  to  the  “  fossa,”  and  beneath  the  floor  (n.f )  the  cartilage 
runs  nearly  up  to  the  low  dividing  wall  (p.e.).  Here  the  labyrinth  is  reduced  to 
two  passages  (n.p.),  besides  the  common  nasopalatine  canal  ( n.p.c .)  at  the  mid¬ 
line,  below.  Here  the  forks  of  the  vomer  (v.)  are  cut  across,  and  at  this  part  the 
maxillary  meets  the  palatine  (pa.)  on  the  palatal  floor;  outside,  the  former  bone  (mx.) 
shows  its  large  alveolar  plates,  as  does  the  dentary  (d.),  below.  At  this  part  the 
frontal  is  in  reality  in  two  pieces,  as  the  next  stage  will  show;  the  orbital  plate  being 
separate  from  the  upper  part  (f). 

llth  Section  (Plate  18,  fig.  11). — This  section  is  through  the  back  part  of  the  eye¬ 
ball  (e.)  and  the  front  third  of  the  hemispheres  (Cl3.).  Here  the  true  cranium  comes 
into  the  section,  for  the  basal  beam  is  now  the  presphenoid  (p.s.),  and  the  wall  right 
and  left  is  the  orbitosphenoid  (o.s.). 

The  back  of  the  olfactory  labyrinth  ( n.w .)  is  cut  through,  and  these  limited  tracts  of 
cartilage  lie  between  the  two  regions  of  the  anterior  sphenoid  (o.s.,  p.s.),  and  are  con¬ 
fluent  with  the  basal  mass.  So,  also,  is  the  orbitosphenoid  confluent,  above,  with  the 
top  of  the  olfactory  wall  (see  Plate  17,  figs.  1,  2).  The  relation  of  the  orbital  plate  of 
the  frontal  (f.)  to  the  orbitosphenoid  (o.s.)  is  well  seen  here  ;  below,  the  bones  of  the 
palate  are  thick  tracts,  dividing  on  their  inner  edge  into  an  upper  and  a  lower  plate  to 
embrace,  and  protect,  the  nasopalatine  canal  (n.p.c.) ;  these  are,  now,  the  ptery¬ 
goids  (pg.). 
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Below,  outside  the  tongue  (tg.)  and  mouth  cavity  (m.)  the  compound  lower  jaw  is 
seen  to  be  composed  of  three  tracts  of  cartilage  and  two  of  bone ;  the  latter  answer 
to  the  dentary  and  splenial,  but  these  are  not  actually  separate  bones,  at  this 
part.  Then  there  is  Meckel’s  cartilage,  or  the  primary  mandible,  and  two  points  of 
cartilage  belong  to  the  superficial  cartilaginous  “  ramus.” 

12 th  Section  (Plate  18,  fig.  12). — Here  the  razor  has  cut  through  the  anterior 
sphenoid  (p.s.),  continuously,  missing  the  small  optic  foramen  (see  Plate  17,  figs.  1,  2, 
o.s.,  p.s.,  II.),  most  likely  cutting  in  front  of  it.  Thus  the  cranial  cavity  and  membranous 
cranium  is  more  than  half  engirdled  by  this  tract ;  the  upper  deficiency  is,  at  present, 
only  partially  made  good  by  the  frontal  bone.  Here  we  encounter  cartilage  right  and 
left,  below  the  flat  presphenoid  (o.s.),  for  the  pterygoids  are  cut  through  here,  and 
they  are  largely  preformed  in  cartilage  (see  in  next  stage,  Plate  17,  fig.  3 ,  pg.,  pg.c.). 
These  bones  only  form  a  wall,  on  the  right  hand,  and  on  the  left,  to  the  nasopalatine 
canal  ( n.p.c . ),  and  do  not  form  a  bridge,  beneath  it,  as  the  palatines  do.  The  mandible 
is  growing  up,  here,  towards  itscoronoid  process,  above,  and  its  angular  process  (ag.p.), 
below  ;  the  inner  rod  ( mk .)  lies  in  a  groove  of  the  ramus,  near  its  lower  part. 

13 th  Section  (Plate  18,  fig.  13). — This  section  will  be  understood  if  reference  is  made 
to  the  dissected  skull  (Plate  17,  figs.  1,  2).  The  basis  cranii  is  cut  through  at  the  hind 
part  of  the  presphenoid  (p.s.),  just  where  the  basisphenoidal  region  begins.  Here  the 
two  trabeculae  are  cemented  together  by  the  wedge-like  end  of  the  intertrabecula. 
The  large  sphenoidal  fissure  is  cut  through,  and  several  nerve-bundles  (V.)  are 
seen  in  the  interspace ;  because  of  the  sinuous  form  of  the  margin  of  the  orbito- 
sphenoid  (o.s.)  that  cartilage  is  cut  through  twice,  immediately  in  front  of  the  ali- 
sphenoid,  which  lies  in  a  lower  plnne.  The  bulk  of  the  pterygoid  is  still  cartilaginous, 
and  so  is  the  “  ramus”  of  the  mandible  (d.)  at  this  part,  where  the  coronoid  and 
angular  processes  (cr.p.,  cd.p.)  are  cut  across  ;  Meckel’s  cartilage  (mk.)  forms  a 
large  oval  section  at  this  part,  and  the  dentary  is  spreading  over  it ;  the  frontal  (f.)  is 
seen  outside  and  above  the  orbitosphenoid  (o.s.). 

14 th  Section  (Plate  18,  fig.  14). — This  is  a  very  instructive  section  and  should  be 
compared  with  the  dissection  of  the  same  and  of  the  next  stage  (Plate  17,  figs.  1,  2,  3). 
The  cranial  cavity  with  the  included  brain  (CH)  is  here  very  large,  and  the  basal  part 
of  the  skull  is  cut  through  where  the  floor  is  incomplete  (b.s.,  py.),  so  that  we  have 
here  the  exact  form  of  the  trabeculae  behind  the  intertrabecula ;  they  are  oval,  with 
the  long  axis  horizontal.  On  each  side,  in  a  deep  fossa,  the  great  Gasserian  ganglion 
(V.)  is  seen,  supported  by  the  alisphenoid  (al.s.)  which  lies  outside  and  below  the 
general  plane  of  the  skull  floor  and  wall ;  it  is  ossified  at  its  postero-external  margin, 
and  its  hollow  upper  face  forms  the  floor  of  the  trigeminal  fossa.  The  orbitosphenoid 
(o.s.)  is  narrowing  towards  its  posterior  band,  and  it  is  supported  outside  by  the  orbital 
part  of  the  frontal  (/.),  which  runs  far  down  into  the  hind  part  of  the  orbit,  almost 
touching  the  alisphenoid. 

Two  rods  of  cartilage,  oval  in  section,  but  with  their  long  axis  vertical,  are  seen 
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under  the  basis  cranii  and  protecting  the  narrow  nasopalatine  canal  ( n.p.c .)  ;  these 
are  the  pterygoids  {pg.c.)  in  their  unossitied  free  part  (“  hamular  process”).  Outside, 
and  below,  we  see  a  part  of  the  squamosal,  its  zyomatic  region  on  the  jugal  ( j .)  ;  and 
inside  it  the  glenoid  facet  ( gl.c .)  is  cut  along  its  whole  transverse  extent.  A  little 
below  it  a  section  of  cartilage  appears,  thick  above  and  below  and  narrower  in  the 
middle ;  this  is  the  main  part  of  the  great  superficial  slab,  a  segment  of  which  is 
given  off  to  form  the  glenoidal  facet.  The  upper  part  is  the  condyle  of  the  lower 
jaw  ( cdg ).),  the  lower  is  part  of  the  angle  ( ag.p .)  ;  the  inside  of  the  cartilage  is 
becoming  bony  ;  in  the  concavity,  on  the  lower  part  of  the  inner  side,  Meckel’s 
cartilage  {ink.)  is  still  full-sized. 

15 tli  Section  (Plate  18,  fig.  15). — Here  the  fore  brain  (CP)  is  cut  through  near  the 
infundibulum,  but  the  pituitary  body  {py.)  is  seen  as  a  large  separate  quasi-glandular 
mass  resting  upon  the  basis  cranii  near  the  beginning  of  the  parachordals  or  investing 
mass  ( b.s .).  These  are  flattish  and  ovoidal  in  section,  the  interspace  between  them 
being  the  primary  pituitary  space  at  its  hinder  part.  On  the  side,  the  orbitosphenoid 
(o.s.)  is  still  seen  as  a  considerable  band  of  cartilage  ;  this  is  near  the  junction  of  the 
frontal  {/.)  and  parietal  bones.  The  Gasserian  ganglion  (V.)  is  cut  across  in  its 
hinder  part,  and  the  razor  has  caught  the  cochlea  (above  i.c.)  in  its  fore  margin.  This 
is  behind  the  hinge  of  the  secondary  mandible,  and  through  the  part  of  Meckel’s 
cartilage  where  the  bony  lamina  that  forms  the  ossifying  centre  of  the  malleus  {ml.) 
has  appeared.  Outside  this  the  postglenoid  part  of  the  squamosal  {sq.)  is  seen,  and, 
between  the  two,  the  foremost  part  of  the  tympanic  cavity  {c.ty.).  The  internal 
carotid  artery  {i.c.)  is  seen  entering  the  skull  between  the  cochlea  and  the  basi- 
sphenoid  (b.s.),  and  under  it  the  Eustachian  tube  {eu.)  is  laid  open  as  it  is  passing 
towards  the  fauces  or  back  part  of  the  oval  cavity  {phx.);  it  opens  into  that  cavity 
between  this  and  the  last  section  (fig.  14). 

Under  this  tube  the  cartilaginous  lining  of  the  first  cleft  is  seen  to  extend  {eu.c.) ; 
this  Eustachian  cartilage  is  the  innermost  part  of  the  partly  segmented  cartilaginous 
tube  which  expands  externally  as  the  “  concha,”  and  which,  in  the  part  next  outside 
the  Eustachian  cartilage,  becomes  ossified,  early,  as  the  annulus  tympanicus. 

Four  arterial  branches  are  seen,  here,  cut  obliquely  across,  one  of  them  close  beneath 
and  outside  an  oval  section  of  cartilage,  the  ceratohyal  {c.hy.).  The  one  above  it  is 
that  part  of  the  “  common  carotid  ”  which  gives  off  the  “  stapedial  artery,”  to  inosculate 
with  the  artery  of  the  lower  jaw. 

At  the  mid-line,  below  the  palatouasal  cavity,  the  pharynx  is  laid  open,  and  right 
and  below  it  the  hypohyal  cartilages  (h.hy.).  Outside  and  in  front  of  the  cerato¬ 
hyal  the  chorda  tympani  (VIP.)  is  cut  across,  and  outside  and  below  these  the  main 
facial  nerve  (VII.). 

16th  Section  (Plate  18,  fig.  16).— This  is  through  the  widest  part  of  the  hemispheres 
(CP),  and  also  cuts  across  the  hirge  glandiform  pituitary  body  {py-)-  Several  large 
nervous  masses  are  cut  through  (VII.,  VII.),  close  to  the  top  of  each  cochlea  {chi.).  The 
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basi sphenoidal  cartilage  ( b.s .)  has  a  film  of  bone  in  it  above  and  below  ;  its  outer  edges 
are  beginning  to  coalesce  with  the  cochlea,  which  are  laid  open.  The  orbitospbenoidal 
band  (o.s'.)  is  still  large,  and  is  separated  by  a  large  space  from  the  inferolateral  parts. 
The  processus  gracilis  has  still  a  solid  cartilage  lying  on  it  (ml.) ;  outside  this  is 
the  postglenoid  part  of  the  squamosal.  The  meatus  auditorius  externus  is  partly 
laid  open,  and  the  Eustachian  cartilage  ( m.c .)  is  still  seen  under  the  cavum 
tympani  (c.ty.),  which  is  here  still  partly  the  Eustachian  tube.  Beneath  the 
middle  of  these  parts  the  epihyal  ( e.hy .)  is  cut  across,  and  outside  it  the  chorda 
tympani  (VIE.),  with  the  main  facial  nerve  (VII.)  lower  down,  is  exposed.  The 
larynx  is  below  the  pharynx  (lx.,  phx.),  and  there  is  seen  a  film  of  bone  outside, 
the  ramus  (d.) ;  a  part  of  the  cartilaginous  framework  of  the  larynx  is  seen  in  section. 

1 7th  Section  (Plate  18,  fig.  17). — This  is  another  important  slice,  showing  many 
things.  It  is  in  front  of  the  junction  of  the  orbitosphenoid  with  the  crest  on 
the  top  of  the  auditory  capsule  ;  the  cochlea  (chi.)  is  near  its  widest  part,  it  is  just 
in  front  of  the  proximate  coil.  We  are  now  behind  the  great  trigeminal  nerve,  with 
its  roots,  ganglion,  and  branches,  but  the  nerves  proceeding  from  the  ganglion  geni- 
culatum  (VII.,  VIII.)  are  cut  across,  and  the  facial  nerve  (VII.)  has  entered  its 
“  aqueductus.”  The  same  nerve  (VII.),  and  its  inosculating  anterior  branch,  the 
chorda  tympani,  are  seen  outside  the  epihyal  (e.hy.  VII.).*  Here  the  great  meatus 
externus  (m.a.e.)  is  fairly  laid  open,  and  it  is  seen  to  be  lined  with  cartilage 
throughout ;  it  is  indeed  one  more  or  less  segmented  tube,  from  the  opening  of 
the  Eustachian  tube,  within,  to  the  conchal  expansion,  without.  The  pituitary 
body  (py.)  is  cut  through  in  its  hind  part ;  the  malleus,  or  dilated  end  of  Meckel’s 
cartilage  (ml.),  is  partly  seen,  its  head  and  the  tip  of  the  manubrium  (mb.)  ;  the 
rest  of  that  process  is  indicated  on  the  right  side  by  a  dotted  line.  The  archway 
over  the  facial  nerve  (VII.)  is  the  fore  part  of  the  tegmen  tympani,  inside  the  head 
of  the  malleus.  The  postglenoid  part  of  the  squamosal  is  seen,  and  on  right  and  left 
of  the  pharynx  (phx.)  the  hypohyals  (h.hy.). 

18 th  Section  (Plate  18,  fig.  18). — This  section  is  through  the  basis  cranii  where 
the  sphenoidal  (b.s.)  and  occipital  regions  meet.  The  orbitosphenoidal  cartilage  has 
here  passed  into  the  supra -auditory  (s.a.c.),  where  this  great  crest  is  continuous  with 
the  top  of  the  auditory  capsule.  The  left  side  of  the  figure  is  from  a  point  in 
front  of  the  right,  so  that  this  section  serves  instead  of  two.  The  left  side  is 
through  the  base  of  the  cochlea  (chi.),  but  in  front  of  the  cavity  of  the  vestibule. 
The  cartilage  lining  the  meatus  externus  (m.c.)  is  seen  both  in  the  outer  opening  and 
under  the  dagger-shaped  section  of  the  cavum  tympani  (c.ty.) ;  a  small  cavity  at 
present  lying  in  the  midst  of  a  mass  of  indifferent  tissue.  The  solid  cartilage  of  the 
“  pterotic  ”  region,  close  in  front  of  the  anterior  semicircular  canal  (see  the  other 
side  ci.s.c.),  is  not  perforated  until  we  come  to  the  beginning  of  the  aqueductus  for 
the  facial  nerve  (VII.),  which  is  cut  across  twice  on  the  right  side,  both  where  it 
*  The  lines  are  misdirected  in  this  part  of  the  figure. 
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perforates  the  capsule,  and  where  it  begins  its  course  under  the  tegmen,  which  is 
imperfect  here  in  its  front  part.  At  some  distance  below  this  auditory  eave  the 
head  of  the  malleus  {ml.)  is  seen  in  section  along  the  whole  course  of  the 
manubrium  on  the  left  side.  Under  the  tympanic  cavity  and  its  cartilaginous  floor 
the  epihyal  ( e.hy .)  and  its  accompanying  nerves,  the  chorda  tympani  and  facial  trunk 
(VIIa.,  VII.)  are  seen  cut  across,  and  the  hypohyal  and  thyroid  cartilage  {h.hy.,  lx.) 
at  the  mid-line,  below.  On  the  left  side  the  cartilage  above  the  cochlea  {chi.)  is 
perforated  by  the  facial  and  auditory  nerves  (VIII.),  and  the  right  side  has  part  of 
the  anterior  canal  {a.s.c.)  visible. 

There  the  tegmen  is  perfect,  and  the  main  part  of  the  incus  and  its  long  crus  is  cut 
through,  the  manubrium  mallei  {ml.)  appearing  beyond  and  below  it.  The  hyoid  and 
its  nerves  are  similar  to  what  is  seen  on  the  other  side,  for  the  obliquity  of  this 
section  is  very  slight. 

1 9lh  Section  (Plate  18,  fig.  19). — This  partial  section  is  one  of  the  most  important 
in  the  series.  The  parietal  {p.)  is  seen  outside  the  pterotic  or  supra-auditorj7  cartilage 
{s.a.c.),  but  the  squamosal  which  was  seen  in  the  last  (fig.  18)  is  not  figured.  The 
arch  of  the  anterior,  and  the  ampulla  of  the  horizontal,  semicircular  canals  {a.s.c.,  h.s.c.) 
are  cut  through,  besides  several  other  spaces  in  the  vestibule  and  proximal  part  of  the 
cochlea.  The  wall  of  the  cochlea  is  cut  through  in  front  of  the  band  of  cartilage  that 
divides  the  fenestra  ovalis  from  the  fenestra  rotunda,  a  band  which  in  the  Sauropsida 
is  uniformly  ossified  by  the  opisthotic  centre ;  in  Mammals  that  centre  is  much  more 
potent,  and  may,  as  in  the  next  instance  {Talpa),  ossify  nearly  all  the  proper  capsule. 
The  auditory  nerve  and  its  ganglion  {g.  cochleare,  VIII.)  are  seen  in  the  meatus 
internus,  and  externally  the  stapes  {st.)  by  its  base  fills  the  fenestra  ovalis.  The 
articular  part  or  head  of  the  stapes,  which  was  nearly  in  view  inside  the  long  crus  of 
the  incus  on  the  right  side  of  the  last  section  (fig.  18)  is  now  cut  clean  through,  and 
the  stapedial  artery  {st.a.)  is  seen  traversing  the  foot-hole  of  the  stapes,  on  its  way  to 
the  inside  of  the  maxilla  inferior.  This  section  is  at  the  back  part  of  the  meatus 
externus,  and  at  the  end  of  the  tympanic  cavity,  so  that  here  the  epihyal  {e.hy.)  is 
seen  already  confluent  with  the  hind  part  of  the  tegmen  ;  the  foramen  stylo-mastoideum 
is  laid  open  and  the  facial  nerve  (VII.)  is  seen  running  downwards  behind  and  outside 
the  epihyal,  and  the  cavity  of  the  tympanum  {c.ty.)  is  seen  inside,  close  to  the  artery. 
The  larynx  {lx.)  is  seen  below  at  the  mid-line,  and  the  basioccipital  floor  {b.o.)  under 
the  hind-brain  (C3). 

20 th  Section  (Plate  18,  fig.  20). — Here  the  supra -auditory  cartilage  (.s.a.c.)  is  close 
to  the  supraoccipital,  and  the  film  of  bone  outside  belongs  to  the  squamosal  {sq.). 

The  anterior  and  horizontal  canals  {a.s.c.,  h.s.c.)  are  cut  across,  and  the  hind  part  of 
the  vestibule  at  its  junction  with  the  cochlea. 

The  head  of  the  epihyal  is  seen  finishing  the  tegmen  ( t.ty .),  behind,  and  the  narrow 
hind  part  of  the  cavum  tympani  {c.ty.)  is  shown,  here,  for  the  last  time.  The  flat  form 
of  the  parachordals  {b.o.),  inclosing  the  notochord,  is  seen  under  the  hind-brain  (C3). 
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21st  Section  (Plate  18,  fig.  21). — The  anterior  canal  (ci.s.c.)  is  here  cut  through  where 
it  joins  the  posterior,  and  the  horizontal  canal  (h.s.c.)  is  seen  where  it  opens  into  the 
cavity  of  the  vestibule  (lower  part  of  vb.) ;  the  wall  is  imperfect  on  the  inner  side 
(see  also  next  stage,  Plate  17,  fig.  7).  The  lowest  part  of  the  posterior  canal,  and 
its  ampulla,  is  close  behind  this  part.  The  posterior  lacerated  foramen  (IX.,  X.)  is 
here  cut  across,  and  also  the  condyloid  foramen  (XII.) ;  the  basis  cranii  (b.o.)  is  large, 
here,  and  partly  ossified. 

22 nd  Section  (Plate  1  8,  fig.  22). — The  thick  opisthotic  region  of  the  auditory  capsule 
is  cut  across,  here,  and  the  posterior  canal  at  its  beginning,  above,  is  one  with  the 
anterior  canal  (ci.s.c.)  ;  below,  it  is  close  to  the  horizontal  canal  ( li.s.c .).  On  the  inner 
face  the  cartilage  is  thin,  and  there  is  a  small  vestibular  cavity  (vb.).  The  supra  - 
auditory  cartilage  ( s.ci.c .)  is  so  cut  across  as  to  be  some  distance  from  the  top  of 
the  capsule  ;  this  is  due  to  the  slight  oblicputy  of  the  sections.  The  vagus  and 
hypoglossal  nerves  (XI.,  X.)  are  still  seen  outside  the  bent  basioccipital  plate  (b.o.). 
This  section  is  in  front  of  the  sides  and  condyles  of  the  occipital  arch,  and  is  behind 
the  hole  for  the  12th  nerve  (XII.). 

Second  Stage  of  Erinaceus  europasus.  Young,  three-fourths  ripe ;  2\  inches  long ; 

head,  -f  inch. 

This  larger  embryo  serves  well  for  showing  the  development  of  the  ectocranium  as 
wrell  as  for  the  advancement  made  in  the  endocranium  (Plate  17,  figs.  3-8).  Beginning 
with  the  roof  (fig.  4)  we  find  a  very  orderly  series  of  bony  scutes  along  the  mid-line  ; 
there  are  four  pairs  of  these  sub-median  radiating  centres  that  have  all  the  appearance 
of  belonging  to  the  same  category,  namely,  a  double  row  of  subcutaneous  scales 
growing  towards  each  other  along  the  top  of  the  head. 

The  foremost  of  these  scutes,  the  nasals  (n.),  are  the  smallest,  they  are  the  tiling  of 
the  cartilaginous  nasal  roof,  and  the  septum  nasi  ( s.n .)  is  seen  between  them.  Like 
shell- valves,  with  a  pointed  end,  forwards,  and  a  rounded  broad  end,  behind,  these 
bones  just  cover  the  hinder  half  of  the  nasal  labyrinth. 

The  next  pair  are  four  times  as  large,  these  are  the  frontals  (f.) ;  they  are  narrow 
in  the  middle  and  dilated  at  each  end ;  they  scarcely  reach  the  nasals,  in  front,  and 
only  touch  the  parietals  (pf  behind,  by  their  convex  margin.  There  is  a  long 
fontanelle  running  between  them  and  the  parietals  up  to  the  nasals,  in  front,  and  to 
the  supraoccipital  (s.o.),  behind ;  this  is  dilated  in  three  places,  especially  in  the 
coronal  region.  The  concave  outer  edo’e  of  the  frontal  does  not  run  as  far  as  to  the 
supraorbital  ridge ;  this  part  and  the  orbital  roof  are  covered  with  a  distinct  bone 
(see  also  fig.  5,  s.ob.).  This  single  supraorbital  scale  bone  is  new  to  me  in  the 
Mammalia,  but  familiar  enough  in  the  Oviparous  forms — the  Ganoid  Fishes,  below, 
up  to  the  Tinamous  and  some  higher  Carinate  Birds,  above.  In  all  these,  however, 
it  is  broken  up  into  two  or  more  pieces. 
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The  parietals  (p.)  are  nearly  twice  as  large  as  the  frontals,  and,  behind  them,  the 
interparietals  (i.p. )  are  not  much  larger  than  the  nasals  (n.). 

Besides  the  supraorbitals,  the  lateral  and  infero- lateral  bones  seen  in  this  view  are 
the  premaxillaries,  maxillaries,  lachrymals,  jugals,  and  squamosals  (px.,  mx. ;  see  also 
tig.  3,  l.,  j.,  sq.),  these  are  better  seen  in  the  other  views  (figs.  3,  5,  6). 

In  the  side  vieiv  (fig.  5)  the  premaxillaries  [px.)  are  seen  to  be  of  normal  size, 
mounting  upwards  obliquely,  and  wedged  in  between  the  nasals  and  maxillaries  above. 
The  outer  or  facial  part  of  the  maxillary  is  large,  with  its  very  large  infraorbital 
foramen  (V2.)  and  its  long  concave  preorbital  and  suborbital  edge.  Over  the  former 
part  the  fore  end  of  the  supra-orbital  ( s.ob .)  fits,  and  inside,  below  this,  the  smallish 
perforated  lachrymal  scale  (l.,  l.c).  The  jugal  (j.)  is  a  small  thickisli  style,  and  is  over¬ 
lapped  both  by  the  jugal  process  of  the  maxillary  and  of  the  squamosal  (vix.,  sq.). 
Where  the  uncinate  supraorbital  (s.ob.)  and  the  swollen  parietal  (p.)  meet  in  the  post¬ 
orbital  region  there  the  squamosal  is  seen,  the  fore  part  of  its  temporal  plate,  which 
walls  in  the  temporal  fossa,  it  begins  there,  and  the  bone,  dilating  gently  backwards,  is 
trifid  behind,  in  its  postglenoid  end,  where  it  just  hides  the  ampullae  of  the  anterior 
and  horizontal  canals  ( ct.s.c .,  h.s.c.)  The  parietals  and  interparietals  (p.,  ip.)  meet  over 
the  arched  junction  of  the  anterior  and  posterior  canals  (a.s.c.,  p.s.c.). 

But  the  peculiarly  normal  Mammalian  state  of  the  superficial  bones  is  best  seen  in 
the  lower  view  (Plate  17,  fig.  3). 

Here  the  increasingly  perfect  desmognathism  of  the  skull  and  the  great  develop¬ 
ment  of  tooth-pulps,  asking  for  large  sockets,  are  the  factors  that  make  the  normal 
Mammalian  palatofacial  structures  so  different  from  their  counterparts  in  the  Ovipara, 
generally.  Add  to  these  the  metamorphosis  of  the  mandible,  giving  the  last  finish  to 
a  face  with  limited  motion,  and  we  get  the  reasons  for  much  that  is  novel  in  this  type 
of  skull. 

The  premaxillaries  (px.)  are  largely  hollowed  out  for  the  teeth,  and  their  palatine 
processes  are,  at  present,  short  and  small.  The  maxillaries  (mx.)  send  inwards  a  large 
flange  from  their  inner  alveolar  plate  ;  beyond  this,  to  the  mid-line,  another  equally 
large  tract  has  been  developed,  the  palatine  plate  ;  it  is  joined  to  the  outer  plate  by  a 
broadish  isthmus,  and  is  never  quite  distinct  from  it.  The  palatine  plate  of  the 
palatine  (pa.)  is  three-fifths  the  size  of  that  of  the  maxillaries,  and  is  perforated  behind 
its  middle.  The  two  bones  wedge  in  between  the  maxillaries  at  the  mid-line,  and  at 
their  hind  part  are  deficient  there.  Outside  they  are  thick,  where  they  ascend  to  the 
basis  cranii. 

The  pterygoids  (pfj.)  are  merely  small  ectosteal  tracts  fastening  upon  and  transforming 
the  thick,  short,  rounded  pterygoid  cartilages  (pg.c.),  and  spreading  above  them  to 
plaster  the  basisphenoid  ( b.s .)  with  a  thin  bony  tract. 

The  lower  edge  of  the  jugals  and  squamosals  (j.,  sq.)  are  seen  in  this  aspect,  the 
latter  is  largely  hidden  by  the  wide  three-lobed  glenoid  facet  ( gl.c .),  which  is  placed 
transversely  to  the  axis  of  the  skull. 
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The  end  view  (Plate  17,  fig.  6)  shows  the  roughly-oval  interparietals,  and  the  hind 
part  of  the  parietals  and  squamosals  (i.p.,  p.,  sq .)  as  they  fit  on  to  the  auditory  and 
occipital  regions  of  the  endocraniutn. 

But  a  lower  view  of  the  upper  pedate,  after  the  hard  palate  has  been  removed 
(Plate  17,  fig.  8),  shows  three  more  investing  bones,  namely,  the  front  paired  vomers 
(v\),  and  the  vomer,  proper  (v.). 

These  paired  bones  are  quite  distinct  from  the  palatine  processes  of  the  premaxil- 
laries,  and  are  delicate,  narrow  laminae,  with  an  outside  hook  in  front ;  they  are  placed 
vertically  inside  the  recurrent  cartilages  ( rc.c .)  and  Jacobson’s  organs. 

Wedging  in  between  their  hinder  part  we  see  the  narrow,  bifid  fore  end  of  the  main 
vomer  (v.),  which  is  roughly  carinate  in  its  fore  half,  and  then  flattens  out,  and  is 
alate  in  its  hind  half  where  it  is  applied,  right  and  left,  as  an  ethmoidal  splint,  serving 
to  bind  the  right  and  left  floors  of  the  nasal  labyrinth  together,  as  in  Passerine 
Birds ;  this  upper  junction  of  the  right  and  left  halves  of  the  face  has  been  called 
“  CEgithognathism,”  because  of  its  peculiar  development  in  Passerine  Birds. 

Endocranium  of  Second  Stage  of  Erinaceus  europseus. 

In  the  figure  just  referred  to  (Plate  17,  fig.  8)  we  see  the  lower  view  of  the  alinasal 
cartilages  ( ed.n .)  and  the  outer  nostrils  (e.n.).  Constricted  suddenly,  these  parts  give 
off  the  neck  of  the  curious,  tongue-shaped  recurrent  cartilage  (rc.c.),  which  at  its 
fullest  part  grows  quite  round  Jacobson’s  organ  (see  Plate  18,  fig.  5).  Behind  these 
the  floor  of  the  nasal  capsule,  under  the  “  middle  turbinals”  ( pc.c .,  the  “  precurrent 
cartilages”),  is  partly  shown,  and  then  the  narrow,  unossified  mesethmoidal  ( p.e .),  and 
presphenoidal  region  ( p.s .),  and  the  very  wide,  ossified  basisphenoidal  ( b.s .).  This 
bony  plate  is  transversely  oval  and  is  perforated  in  front ;  this  hole  is  the  pituitary 
space  ( py .). 

In  the  lower  view  (Plate  17,  fig.  3),  behind  the  hard  palate,  the  endocranium  is  well 
shown;  it  is  a  broad  osseo-cartilaginous  structure.  At  the  mid-line  the  presphenoid 
and  basisphenoid  (p.s.,  b  s.,  also  shown  in  fig.  8)  come  into  view,  but  the  latter  is  partly 
hidden  by  the  pterygoids  (pg.,  pg.c.),  outside  which  the  base  of  each  alisphenoid  (al.s.) 
swells  into  an  egg-like  process  (e.pg.,  or  “external  pterygoid”),  much  more  distinct, 
now,  than  in  the  first  stage  (fig.  1).'“  Outside  this  swelling  the  cartilage  is  largely 
ossified  as  the  alisphenoid  (al.s.),  which  is  perforated  nearer  its  hinder,  than  its  fore, 
margin,  by  the  3rd  branch  of  the  5th  nerve  (V3.) ;  the  rest  of  this  nerve  (V1,3.) 
escapes  through  the  sphenoidal  fissure. 

The  outer  part  of  the  orbitosphenoidal  bony  centre  ( o.s .)  is  just  seen  in  front  of  the 

*  This  part  is  similar  to  what  is  seen  in  the  embryo  (utei'ine)  of  Didetphys,  and  the  counterpart  of 
which  does  develop  even  in  some  Insectivora  (e.g.,  Rliyncocyon,  Plate  36,  fig.  5)  into  an  “  anterior 
tympanic  recess,”  or  alis'phenoidal  bulla;  this,  however,  in  the  Hedgehog  becomes  the  external  pterygoid 
plate ;  a  part  which,  in  Kangaroos,  co-exists  with  the  tympanic  wing  of  the  alisphenoid. 
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fissure;  these  parts  will  be  better  shown  in  the  section  (fig.  7).  Where  the  wide 
posterior  sphenoid  joins  the  auditory  capsules  (see  also  fig.  1)  there  we  see  a  wide 
transverse  territory  of  cartilage,  which,  at  its  middle  part,  is  the  very  extensive  spheno¬ 
occipital  synchondrosis. 

Externally,  it  is  notched,  here,  where  the  permanent  “foramen  lacerum/’  or  jagged 
passage,  will  be  ;  and  nearer  tbe  mid-line  it  is  perforated,  right  and  left,  by  the  internal 
carotid  artery  (i.c.).  Although  the  cochlem  (chi.)  show  their  form  well,  their  cartilage  is 
confluent  with  that  of  the  skull,  proper,  except  behind,  where  the  “  foramen  lacerum 
posterius”  will  be,  which  is  now  a  large  oval  hole  formed  by  the  9  th  and  10th  nerves 
(IX.,  X.).  The  notched  space  in  front  of  the  capsule  allows  of  the  exit  of  the  facial 
nerve  (VII.),  the  proximal  part  of  which  is  not  drawn  in  the  figure ;  it  is  seen  further 
back  under  the  tegmen  tympani  ( t.ty .),  and  then  passing  under  the  epihyal  (e.hy.)  to 
escape  through  the  stylomastoid  foramen.  On  the  side  of  each  cochlea  the  stapes  (st.) 
is  seen  in  situ,  and  behind  the  cochlea  the  foramen  rotundum  ( fr .).  Behind  this  the 
occipital  arch  shows  a  swelling,  a  rudimentary  “  paroccipital.”  Inside  that  eminence 
the  12th  nerve  (XII.)  passes  through  the  condyloid  foramen,  which  is  almost  sur¬ 
rounded  by  the  rudimentary  exoccipital  centre.  The  basioccipital  ( b.o .)  is  very 
Reptilian,  being  roughly  pentagonal ;  it  is  still  marked  by  the  notochord  (nc.). 

The  occipital  condyles  ( oc.c .)  have  a  very  Batrachian  appearance,  not  being  very 
prominent,  and  very  wide  apart. 

From  the  upper  view  (fig.  4)  not  much  of  the  endocranium  is  seen,  but  the  ali- 
nasal  region  ( al.n .)  is  seen  to  have  developed  into  a  projecting  snout,  much  longer 
than  in  the  early  stage  (fig.  2).  Behind,  the  supraoccipital  bone  (s.o.)  has  become 
single,  and  right  and  left  of  it  the  cartilage  passes  into  the  supra-auditory  crest, 
and  the  proper  auditory  capsule  with  its  canals  ( p.s.c .,  h.s.c.,  a.s.c.). 

In  the  side  view  (fig.  5)  the  projecting  snout  and  nostril  (al.n.,  e.n .)  is  seen, 
and  the  valvular  folds  covering  the  nostril.  In  the  orbit  the  lower  frontal  (s.ob.) 
ossicle  fails  to  cover  the  orbitosphenoidal  cartilage  ( o.s .)  with  its  orbital  plate. 
Below,  the  thick  bulbous  process  of  the  alisphenoid  ( e.pg .)  and  the  pterygoid  nucleus 
( pg.c .)  are  seen,  and,  behind,  the  outer  face  of  the  auditory  capsule,  with  its  canals 
(a.s.c.,  h.s.c.,  p.s.c.)  is  well  shown,  and  also  the  tegmen  tympani,  and  part  of  the 
cochlea  (chi.).  The  epihyal  (e.hy.)  is  confluent  with  the  capsule  behind  the  tegmen, 
and  the  facial  nerve  (VII.)  emerges  behind  it.  Behind  this  stylomastoid  foramen, 
the  paroccipital  eminence,  the  condyle  (oc.c.),  the  exoccipital  (e.o.),  and  the  supra¬ 
occipital  (s.o.)  come  into  view. 

So  do  those  parts  in  the  end  view  (fig.  G),  where,  however,  they  are  displayed  more 
fully ;  here  especially  we  see  how  large  the  great  foramen  (fan.)  is,  as  compared 
with  the  hind  skull,  even  with  the  investing  bones  (p.,  i.p.,  sq.)  still  in  place. 

But  the  most  instructive  view  of  the  endocranium  is  to  be  had  by  bisecting  the 
skull,  vertically  (fig.  7). 

Now  we  see  what  a  mere  tube  this  skull  is,  even  in  the  embryo,  and  also  that  the 
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chondrocranium  is  nearly  as  perfect  as  in  a  Skate.  Yet  every  true  Mammalian 
character  is  to  be  seen,  well  developed,  and  diagnostic. 

The  cranio-facial  axis  has  two  bones  in  its  hinder  third,  not  much  larger  than 
the  “synchondrosis”  that  separates  them;  these  are  the  basioccipital  and  the  basi- 
sphenoid  (b.o.,  b.s.) ;  all  the  rest  forward  is  pro-chordal,  and  composes  the  presphenoidal, 
ethmoidal,  and  septal  regions  of  the  skull  (p.s.,  p.e.,  s.n.). 

The  septum  runs  forwards,  between  the  folds  of  the  alinasal  cartilage  ( al.n .)  in 
front,  a  roundish  part,  perfect,  or  nearly  so  ;  then  a  narrow  isthmus  unites  this  part 
with  the  proper  septum  nasi  (s.n.),  which  passes,  at  present,  without  change  into 
the  perpendicular  ethmoid  (p.e.),  and  this  into  the  presphenoid  (p.s.).  This  large 
partition  wall  is  a  low  triangle,  the  apex  of  which  forms  the  rudiment  of  the  crista 
galli  (cr.g.).  The  fore  part,  above,  is  continuous  with  the  nasal  roof  ( al.e .,  al.sp.,  al.n.) ; 
the  hind  part  divides  the  two  great  olfactory  fossae,  with  their  hollow,  cribriform 
floor  (cr.p.).  The  basal  part  of  this  great  wall  is  thick,  this  arises  from  the  primary 
solidity  of  the  intertrabecula.  Where  the  a  he  nasi  (al.n.)  seem  to  end  below,  there 
they  give  off  the  recurrent  cartilages  (rc.c.),  and  these  are  strengthened  by  their 
special  splints,  the  anterior  paired  vomers  (fig.  8,  v' .) ;  behind  these,  the  intertrabecula 
is  supported  by  the  large  grooved  vomer,  proper  (v.).  From  the  crista  galli  (cr.g.)  to 
the  foramen  magnum  there  is  one  continuous  growth  of  solid  cartilage,  the  fore  part 
of  which  becomes  the  crest  of  the  orbitosphenoid  ( o.s .).  Up  to  the  sphenoidal  fissure 
(V1, 3.)  the  cartilage  runs  from  the  base  to  the  top  without  any  break  save  the 
foramen  opticum  (II.),  which  passage  is  now  enclosed  in  the  wedge-shaped  orbito- 
sphenoidal  bony  centre  (o.s.).  This  beginning  of  a  large  plate  takes  up  all  but  the 
lowest  part  of  the  stem  of  the  great  orbital  wing,  but  only  reaches  one-third  of  the 
way  to  the  sinuous  upper  edge  of  the  cartilage.  Hence,  a  full  fourth  of  the  whole 
side  wall  has  given  way  outwards,  and  the  top  of  the  cartilaginous  wall  reduced  to  one 
half  its  depth,  forms  an  elegant  archway  over  this  breach  ;  it  is  a  very  perfect  arch, 
but  leans  a  little  forwards.  This  doorway  is  only  partly  shut  above  by  the  ali- 
sphenoid  (al.s.),  the  part  which  has  been  thrust  out  ;  the  lower  half  of  this  half- 
opened  valve  is  ossified,  and  the  lower  edge  of  the  bony  part  has  a  large  notch  in  it, 
behind  the  middle  ;  this  notch  is  finished  by  cartilage,  and  is  the  foramen  ovale  (V3.). 
The  basisphenoid  (b.s.)  is  growing  into  this  tract  of  cartilage,  and  reaches  further 
backwards  than  the  alisphenoid. 

The  cartilaginous  side  wall  has  then  a  second  great  archway  larger  than  that  caused 
by  the  out-thrust  of  the  alisphenoid ;  here  there  is  an  actual  suppression  of  the  wall, 
but  the  space,  which  looks  a  little  backwards,  is  filled  in  by  the  large  ovoidal  cartila¬ 
ginous  auditory  capsule.  Over  the  capsule  the  cartilage  is  thinned  out  by  pressure 
of  the  lateral  sinus  ( l.s .),  which  forms  as  perfect  an  arch  as  that  over  the  alisphe¬ 
noid.  Under  the  arched  swelling  caused  by  the  anterior  and  posterior  semicircular 
canals,  which  meet  above,  there  is  but  a  shallow  concavity  for  the  flocculus  cerebelli. 
Behind  this  hollow,  there  is  an  unciform  opening,  with  its  convex  margin  behind  ;  this 
deficiency  is  caused  by  the  “  recessus  labyrinthi.” 
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The  multiperforate  meatus  interims,  further  forwards,  and  the  swollen  proximal  part 
of  the  cochlea  {clil.),  are  well  seen  in  this  view,  over  the  long  spheno-occipital  syno- 
chondrosis.  Between  these  tracts  the  bony  and  cartilaginous  parts  of  the  occipital 
arch  (s.o.,  e.o.,  b.o.),  the  passages  for  the  postaud itory  nerves,  and  the  occipital 
condyle  ( oc.c .)  are  seen. 

Visceral  arches  of  the  Second  Stage. 

The  compound  mandible  has  developed  considerably  since  the  last  stage  (Plate  22, 
fig.  4),  the  dentary  bone  (d.)  having  grown  round  Meckel’s  cartilage  (mlc. )  for  some 
distance,  in  its  middle  part,  and  the  upper  edge  of  the  bone  is  now  hollowing  out  to 
form  the  tooth  sockets.  In  front,  the  basimandibular  ( b.mn .)  is  less,  and  it  is  now 
well  defended  by  bone  on  its  outside.  Behind,  the  trilobate,  semicartilaginous 
“ramus  ”  has  assumed  its  permanent  form,  although  the  coronoid  and  angular  processes 
are  equally  cartilaginous  witlr  the  condyloid  or  articular  part.  Under  the  latter, 
Meckel’s  cartilage  is  being  let  into  the  bony  plate  ■  behind  this  part  it  arches  upwards, 
and  below  the  arched  part  the  ectosteal  malleal  centre  (ml.  =  articulare  externum) 
is  enlarging.  The  malleal  part  of  this  primary  mandible  shows  a  small  but  distinct 
posterior  angular  process  ( p.ag .),  as  the  elbow  of  the  manubrium  (mb.),  or  internal 
angular  process.  The  incus  (i.)  and  the  stapes  (st.)  are  still  quite  unossified,  but  they 
are  assuming  their  permanent  form. 

The  annulus  tympanicus  (a.ty.)  is  a  crescentic  band  of  not  very  solid  cartilage, 
which  is  becoming  bony  along  the  middle  ;  this  bony  tract  will  use  up  all  the 
cartilage,  not  leaving  any  to  form  a  “  bulla.” 

Third  Stage  of  the  Shull  of  Erinaceus  europseus  ;  new-born  young,  2|  inches  long. 

In  the  “endocranium”  at  this  stage  we  find  a  considerable  advancement  in  growth  ; 
seen  from  below  (Plate  19,  fig.  1),  and  from  above  (fig.  2),  it  is  roughly  pyriform  in  out¬ 
line,  gradually  enlarging  up  to  the  auditory  region,  and  then  suddenly  lessening  The 
short  snout  (fig.  1,  al.n.)  has  the  nostrils  (e.n.)  lateral ;  this  region  has  a  definite 
bracket-shaped  selvedge  where  it  comes  in  contact  with  the  premaxillaries,  and  from 
the  submesial  part  of  this  hind  edge  the  recurrent  cartilages  (rc.c.)  are  given  off ; 
these  are  large  tongue-like  tracts,  convex  infero-laterally  and  concave  on  the  upper  and 
inner  face,  where,  for  a  short  distance,  they  form  a  perfect  tube  round  each  Jacobson’s 
organ.  They  are  supported  on  their  inner  face  by  the  dagger-shaped  front  paired 
vomers  (v.),  whilst  the  vomer,  proper  (v.),  runs  in  between  them  in  front.  That  bone, 
overlapping  these  parts  in  their  hinder  third,  runs  backward  to  the  end  of  the 
right  and  left  subcranial  recesses  of  the  nasal  labyrinth  ;  it  is  widely  forked  in  its 
hinder,  and  strongly  carinate  in  its  middle,  third. 

The  aliseptal  region  ( cd.sp .)  narrows  in  at  its  middle,  and  then  expands  again  to 
become  aliethmoidal  ( al.e .). 
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The  inferior  turbinals  ( i.tb .)  arise  from  its  inner  face,  and  can  he  seen  in  the  space 
right  and  left  of  the  vomer.  Where  the  vomer  forks,  there  each  fork  supports  the 
inturned  nasal  wall,  now  the  floor  ( n.f. ),  which  is  finished  by  the  vomer.  In  the  front 
of  this  part  the  inturned  walls  give  off  the  “  precurrent  cartilages,”  already  de¬ 
scribed.  At  present,  the  hinder  region  of  the  nasal  labyrinth  forms  merely  part  of  a 
scroll,  and  has  not  yet  closed  in  to  finish  the  hinder  recess.  The  very  solid  basal  beam 
is  seen  between  the  forks  of  the  vomer,  first  as  perpendicular  ethmoid  (p.e.),  and  then 
as  presphenoid  ( p.s .).  The  proximal  part  of  the  orbitosphenoid  is  hidden  by  the 
recesses  of  the  nasal  labyrinth,  the  bony  centre  (0.5.),  can,  however,  be  seen  in  its 
upper  part. 

On  a  lower  plane,  the  large  alisphenoids  ( cd.s .),  with  their  oblique  sinuous  outer 
margin,  are  seen  now  to  be  largely  ossified  ;  these  bony  plates  are  perforated  by  the 
3rd  branch  of  the  5th  nerve  (V3.),  for  they  have  a  large  foramen  ovale  a  little  behind 
their  middle.  Between  these  wings  and  the  basisphenoid  ( b.s .)  there  are  still  two 
remarkable  tracts  of  cartilage,  one  of  these  is  the  large  synchondrosis  between  the 
alse  and  the  base,  and  the  other  is  a  button-shaped  projection  ( e.pg .),  between  the 
pterygoid  ( pg .,  pg.c .)  and  the  foramen  ovale  (V3.),  but  a  little  in  front  of  both. 

This  projection  is  the  cartilaginous  rudiment  of  the  external  pterygoid  plate,  which 
in  this  broad-floored  skull  is  in  its  normally  Mammalian  position,  namely,  a  good 
distance  outside  the  correlated  pterygoid,  with  its  independent  cartilaginous  nucleus.* 

In  this  type,  and  in  many  of  its  Insectivorous  congeners,  the  basisphenoidal  bony 
cenire  (b.s.)  runs  behind,  largely, for  some  distance,  into  the  alisphenoidal  cartilage  (al.s.); 
this  is  a  most  important  diagnostic  of  a  true,  normal,  Insectivore.  It  is,  however,  a  very 
gentle  modification  of  that  which  is  diagnostic  of  the  skull  of  the  Marsupials,  namely,  a 
“tympanic  wing,”  which  grows  backward  from  the  alisphenoid.  Here,  the  rudimentary 
tympanic  wing  arises  from  that  part  of  the  alisphenoid  which  is  ossified  vicariously 
from  the  basal  centre  ;  thus  the  further  growth  of  the  tympanic  wing  is  merely  a  shell¬ 
like  flange  of  the  basisphenoid.  Hence  the  bone  which  develops  round  the  tympanic 
air-cell  in  the  typical  Insectivora,  assisting  the  superadded.  annulus  tympanicus,  is 
basisphenoidal.  The  alisphenoidal  centre,  in  Marsupials,  which  forms  the  front  part 
of  their  drum-cavity,  is  supplemented  by  a  large,  crescentic  “  os  bullae,”  which 
ultimately  becomes  ankylosed,  in  most  cases,  to  the  alisphenoid.  Moreover,  the 
extensive  pneumaticity  of  the  basis  cranii  of  the  Insectivora,  at  this  part,  is  very 
Sauropsidan,  and  these  types  have  also  a  considerable  upper  tympanic  recess  inside 
the  squamosal  bone,  as  in  Crocodiles,  Birds,  Marsupials,  and  Edentates.  At  present 
the  basisphenoid  (Plate  19,  fig.  1,  b.s.)  does  not  reach  so  far  forwards  as  the  ali- 


*  In  the  typical  Ruminants,  and  still  better,  in  the  genus  Cavia  among  the  Rodents,  this  sphenoidal 
outgrowth  is  seen  to  be  manifestly  the  homologue  of  the  “  basipterygoid  process  ”  of  the  Sauropsida, 
growing  as  it  does  from  the  side  of  the  basal  beam.  Its  visceral  correlate,  the  pterygoid  cartilage,  which, 
indeed,  dominates  it,  has  undergone  most  remarkable  structural  modifications  in  the  types  in  which  it 
re-appears,  e.g.,  in  Chelonia,  Crocodilia,  Passerine  Birds,  and,  lastly,  in  the  lower  Mammalia. 
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sphenoids,  but  it  goes  further  backwards,  yet  there  is  a  considerable  tract  of  cartilage 
separating  it  from  the  basioccipital. 

A  groove  in  its  lower  face  leads  to  the  still  unclosed  pituitary  space  ( see  fig.  2,  py.)  ; 
whilst  right  and  left  it  has  a  deeper  groove  filled  by  the  terete  pterygoid  (pg-)  with  its 
cartilaginous  terminal  nucleus  ( pg.c .).  Behind  the  pterygoids,  and  in  front  of  the 
sinuous  wedge-like  growth  of  bone  in  the  middle,  there  is  a  definite  rudiment,  as  an 
oblique  ridge,  of  the  future  tympanic  wing. 

The  broadest  part  of  the  skull  is  behind  the  posterior  sphenoid  ;  here  the  huge 
cochleae  (chi.)  display  their  coils,  and  outside  them  the  broad  tegmen  tympani  has 
on  its  inside  the  groove  for  the  facial  nerve  (VII.),  which  escapes  from  the  skull 
behind  the  edge  of  the  alisphenoid.  This  groove  is  protected  behind  by  the  confluence 
of  the  epihyal  ( e.hy )  with  the  auditory  capsule ;  the  nerve  escapes  behind  it,  through 
the  stylomastoid  foramen.  In  front  of  the  epihyal,  the  fenestra  ovalis  (fs.o.)  is 
seen  obliquely,  and  the  fenestra  rotunda  (fr.)  mesiacl  of  it.  Behind  the  fenestra 
rotunda,  and  further  inwards,  the  large  passage  for  the  9th  and  10th  nerves  (IX.,  X.)  is 
seen,  and  behind  that  passage  the  lesser  hole  for  the  12th  nerve  (XII.)  The  basi¬ 
occipital  ( b.o .)  is  roughly  hexagonal;  the  exoccipitals  ( c.o .)  are  developing  in  the 
hollow  between  the  paroccipital  convexities  and  the  condyles  ( oc.c .). 

The  upper  view  of  the  endocranium  of  this  stage  (Plate  19,  fig.  2)  is  shown  with  the 
upper  part  cut  away  for  the  better  display  of  the  fundus  cranii.  The  crenate  hinder 
margin  of  the  nasal  capsules  is  almost  transverse,  only  a  little  concave,  and  is  so 
thoroughly  pre-cranial  as  to  display  nearly  all  the  large  cribriform  plate  ( cr.p .). 
The  top  of  the  septum  nasi  (s.n.)  and  perpendicular  ethmoid  (p.e.)  is  seen  at  its 
junction  with  the  alee  or  roof  (al.sp.,  al.e ) ;  the  middle  part  of  the  continuous  partition 
is  thicker  than  the  end.  The  upper  pai't  of  the  capsule  is  constricted  twice,  so  as  to 
form  a  front,  a  middle,  and  a  hind,  enlargement.  The  lateral  part  is  constricted,  gently, 
once.  There  is  no  definite  cartilaginous  crista  galli  ( cr.g .),  but  merely  a  gentle  rising 
of  the  wall  in  front,  directly  behind  the  end  of  the  roof. 

The  cribriform  plate  has  floored  the  whole  fossa,  and  this  tract,  as  well  as  the 
lateral  walls,  are  confluent  with  the  fore  edge  of  the  anterior  sphenoid.  The  broad  short 
presphenoid  ( p.s .)  is  unossified,  and  it  has  in  its  middle  a  hollow,  showing  the  double 
nature  of  the  bar.  The  orbitosphenoids  ( o.s .),  are  ossified,  proximally,  close  to  the  base, 
in  their  hinder  margin ;  the  fore  part  and  the  whole  of  the  main  wing  still  remain  soft. 
This  pyriform  centre  is  perforated  by  the  optic  nerve  (II.),  which  escapes  near  the 
hind  margin,  half-way  up  the  ascending  bony  tract.  The  inturned  upper  edge  has 
been  cut  away,  but  the  band  is  shown  to  run  backward  to,  and  to  be  confluent  with, 
the  auditory  capsule. 

The  hind  margin  of  the  orbitosphenoid  (o.s.)  is  sinuously  concave  and  hides  the 
more  distinct  alisphenoid  (al.s.)  at  its  fore  edge.  The  basisphenoid  (b.s.)  occupies  the 
hind  half  of  the  small  open  pituitary  space  (py.)  ;  it  is  separated  by  a  large  tract 
of  cartilage,  as  yet,  from  the  basioccipital  (b.o. ).  Both  before  and  behind,  that  centre  is 
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seen,  even  above,  to  be  creeping  into  the  alse,  the  bony  centres  of  which  just  touch  the 
foremost  of  these  extensions  of  the  basisphenoid.  But  more  than  a  third  of  the  hind 
part  of  the  alee  is  still  cartilaginous  ;  the  posterior  external  part  dips  below  the 
auditory  capsule,  j  ust  as  the  front  margin  does  under  the  orbitosphenoid. 

The  sphenoidal  fissure  (V1,  3.)  is  an  oblique  reniform  foramen,  and  to  it  a  groove 
for  the  2nd  branch  of  the  5tli  nerve  runs  from  the  large  foramen  ovale  (V3.).  A  small 
sphenotic  flap  of  the  auditory  capsule  overlies  the  alisphenoid,  externally ;  between 
this  part  and  the  coiled  cochlea  the  facial  nerve  (VII.)  escapes,  running  first  under  a 
bridge  of  cartilage  from  the  foremost  hole  of  the  meatus  internus  (VII.,  VIII.).  The 
swellings  outside  the  wall — which  has  been  cut  away  horizontally — are  due  to  the 
horizontal  and  posterior  semicircular  canals  (h.s.c.,  p.s.c.),  the  arch  of  the  anterior  canal 
(a.s.c.)  is  cut  away  and  its  cavity  exposed.  The  hollow  for  the  flocculus  is  not  well 
shown  in  this  view;  behind  it,  the  opening  of  the  “  recessus  labyrinthi  ”  is  seen. 

Patches  of  bony  cells  are  now  to  be  seen,  the  beginnings  of  the  extensive  opisthotic 
bone  (op.).  These  are  at  the  hinder  margin  of  the  cochlea  in  the  lower  view  (fig.  1). 
This  bony  deposit  is  to  be  seen,  inside,  in  front  of  the  large  foramen  for  the  9th 
and  10th  nerves  (IX.,  X.).  This  foramen  and  the  condyloid  (XII.)  in  front  of  it  are 
seen  in  the  upper  view  with  the  exoccipital  ( e.o .)  creeping  up  to  the  latter ;  the  large 
six-sided  basioccipital  ( b.o .)  still  lies  in  the  centre  of  the  large  multiangular  basal 
cartilage,  flanked,  outside  and  behind,  by  the  occipital  condyles  ( oc.c .). 

Visceral  arches  of  Third  Stage. 

The  outer  and  inner  elements  of  the  mandible  (Plate  22,  fig.  5)  are  still  bound  up 
together,  and  are  nearly  equal  in  bulk.  The  new  condyle  on  the  “  ramus  ”  is  at  no  great 
distance  in  front  of  the  primary  morphological  condyle — the  short  crus  of  the  incus  (i.). 
This  suspensorial  segment  is  still  unossified,  and  so  is  the  stapes  ( st .)  or  uppermost 
part  of  the  next  arch  ;  but  the  malleal  bony  centre  (mZ.)is  working  into  the  cartilage. 
The  dentary  (d.)  has  grown  over  Meckel’s  cartilage  (mk.)  in  one  place,  and  is  con¬ 
verting  that  part  into  bone ;  in  front  of  this  ensheathed  part  the  rod  is  very  solid ; 
its  basal  bar  (b.mn.)  is  well  formed,  and  turns  upwards  somewhat.  The  cartilaginous 
ends  of  the  three  hind  lobes  of  the  ramus  keep  growing,  pari  passu,  with  the  rest ; 
the  annulus  tympanicus  (a.ty.)  is  now  ossified. 

The  hyoid  arch  has  been  cut  away  where  the  epihyal  (Plate  22,  fig.  6.,  e.hy.)  is  con¬ 
fluent  with  the  auditory  capsule  (see  fig.  3).  The  cartilaginous  segments  are  solid  and 
strong,  but  are  at  present  quite  un ossified. 

Fourth  Stage  of  the  Skull  of  Erinaceus  europseus  ;  young  specimens,  2  weeks  old ; 

3  inches  long. 

This  stage  shows  but  little  difference  in  the  general  form  and  condition  of  the  endo- 
cranium  ;  but  the  osseous  centres  are  much  more  advanced  (Plate  19,  figs.  3-5).  I  have 


DEVELOPMENT  OF  THE  SKULL  IN  THE  MAMMALIA. 


147 


figured  the  upper  aspect  as  a  perfect  object,  not  having  cut  away  the  rim  and  roof  of 
the  chondrocranium. 

The  general  description  just  given  of  the  third  stage  may  serve  on  the  whole  for  this, 
but  the  bony  tracts  will  be  especially  noticed  The  large  front  paired  vomers  (v .) 
protecting  the  recurrent  cartilages  ( rc.c .)  and  Jacobson’s  organs  are  still  separate.  The 
proper  vomer  (v.)  is  becoming  very  strong,  and  its  keel  is  now  double,  in  front.  On 
each  side  of  its  forks,  behind,  there  is  a  small  bony  tract ;  these  are  the  bones  which 
help  to  unite  the  two  sides  of  the  nasal  labyrinth  to  each  other  and  to  the  vomers  ; 
they  are  the  hinder  paired  vomers  (v" .)  The  folds  of  the  middle  turbinal  ( m.tb .)  are 
seen  to  be  undergoing  ossification  ;  the  hinder  pair  of  these  centres  is  close  to  the 
precurrent  cartilaginous  spikes,  which  run  forwards  on  each  side  of,  and  above, 
the  middle  keeled  part  of  the  vomer.  The  hinder  part  of  the  nasal  labyrinth  is 
opened  out  somewhat,  artificially,  for  display. 

The  large  orbitosphenoidal  bones  ( o.s .)  are  running  upwards  towards  the  marginal 
band ;  below,  they  are  beginning  to  ossify  the  basal  tract,  or  presphenoidal  region 
(p.s.).  The  posterior  sphenoid  is  now  almost  completely  ossified,  but  the  bones  of  the 
alse  and  base  ( al.s .,  b.s.)  are  distinct.  The  external  pterygoid  process  ( e.pg .)  is  still 
unossified.  The  three  bones,  measured  across  the  foramina  ovalia  (V3.),  are  of  equal 
width  ;  but,  further  backwards,  the  basisphenoid  is  the  widest  of  the  three,  having 
taken  in  part  of  the  cartilaginous  aim.  Here  the  hole,  right  and  left,  for  the  internal 
carotid  artery  ( i.c .)  is  fairly  enclosed  by  the  bony  deposit  of  the  basisphenoid.  This 
shows  that  we  are  not  far  from  the  Marsupials,  and  this  agrees  with  what  I  have  just 
shown,  namely,  that  the  tympanic  wings  of  the  posterior  sphenoid  are  basal,  in  the 
Hedgehog,  instead  of  being  alar,  as  in  the  Marsupials,  through  the  special  posterior 
dilatation  of  the  basal  bone  in  this  type.  The  pituitary  hole  (pi/-)  is  now  enclosed  by 
bone  (b.s.)  ;  this  hole  is  in  the  fore  part  of  an  inferior  groove,  right  and  left  of  which 
the  pterygoids  (jpg.),  left  in  situ,  have  developed  an  upper  dilated  part,  by  which  to 
stick,  like  Limpets,  to  the  basisphenoid;  their  cartilaginous  nucleus  ( pg.c .)  is  not  yet 
all  ossified. 

The  ossification  of  the  auditory  capsules  is  progressing  rapidly.  The  opisthotic 
centre  (figs.  3  and  5,  op.)  reaches  from  the  passage  for  the  9th  and  10th  nerves, 
above  the  inner  margin  of  the  cochlea  ;  it  encompasses  the  fenestra  rotunda  behind 
(fig.  3,  f.r),  and  runs  up  to  the  fenestra  ovalis ;  above  (fig.  5),  it  is  growing  round  the 
meatus  internus.  The  prootic  (pr.o.)  is  a  much  smaller  centre  ;  below  (fig.  3),  it  is 
growing  over  the  groove  for  the  facial  nerve  at  the  inner  edge  of  the  tegmen  tympani 
( t.ty .),  and  above  (fig.  5)  it  is  running  along  under  the  anterior  canal  (a.s.c.)  into  the 
recess  for  the  “  flocculus.”  The  basioccipital  ( b.o .)  is  increasing  in  size,  but  it  is  still 
in  the  midst  of  a  wide  tract  of  cartilage  ;  the  exoccipitals  ( e.o .)  are  just  enclosing 
the  condyloid  foramina  (XII.) ;  the  supraoccipital  is  widening  over  the  foramen 
magnum  ( fm .). 

In  the  upper  view  (fig.  4),  the  fore  part  is  seen  to  be  quite  unossified,  but  the 
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orbitosphenoi ds  reach  their  own  cartilaginous  base  (q J.s.).  The  well-ossified  ali- 
sphenoids  ( al.s .)  are  seen  articulating  with  the  wide,  extensive  basal  bone,*  which 
shows  its  pituitary  hole  in  front,  and  has  a  low  postclinoid  ridge  running  across 
behind  the  middle,  it  has,  in  front  of  it,  a  very  shallow  “  sella.”  The  hinder  part 
of  the  floor  is  shown  in  the  partial  figure  (5) ;  but  the  huge  supraoccipital  tegmen, 
with  its  wide,  angular  ossification  ( s.o .)  overlapped  in  front  by  two  interparietals  ( ip .), 
are  to  be  seen  in  the  main  figure  (4).  All  the  canals  ( a.s.c .,  h.s.c.,  pi.s.c.)  can  be  seen 
in  this  view  where  the  large  auditory  capsules  project  outwards,  like  short  ears,  from  the 
sides  of  this  curious  cranial  “vessel.”  The  exoccipitals  (e.o.)  can  just  be  seen  rising  right 
and  left  towards  the  postero- external  margin  of  the  supraoccipital  osseous  centre  (s.o.). 

Visceral  arches  of  the  Fourth  Stage. 

About  one-third  of  Meckel’s  cartilage  (Plate  22,  fig.  7,  mk.)  is  now  enclosed  in  a 
canal  formed  by  the  dentary  (d).  I11  front  of  this  buried  part  the  cartilage  rises  and 

swells  into  a  thick  mass,  up  to  where  it  meets  its  fellow,  from  which  junction  the 
basimandibular  ( b.mn .)  grows  forwards,  and  a  little  upwards. 

The  condyloid  mass  of  cartilage  is  now  much  larger  than  that  which  still 
remains  unossified  on  the  ends  of  the  coronoid  and  angular  processes.  The  parts 
that  form  the  ossicula  (ml.,  i.,  st.)  have  merely  become  enlarged  without  any 
noticeable  change  ;  the  annulus  ( a.ty .)  is  also  increasing  in  size. 

Fifth  Stage. — Skull  of  Erinaceus  europaeus  ;  1  month  old ;  head  lk  inch  long. 

a.  Investing  bones. — The  superficial  parts  of  the  skull  have  been  worked  out  and 
figured  in  this  stage  (Plate  20,  figs.  1-3),  as  in  the  second  (Plate  17,  figs.  3-5), 
and  in  the  sub-adult  (Plate  21,  figs.  1-6). 

In  the  upper  view  (Plate  20,  fig.  2)  we  see  what  a  strong  roof  the  investing  bones 
now  form  to  the  very  solid  endocranium.  The  nasals  (n.)  are  small,  narrow  bones, 
and  diverge  in  front;  the  frontals  (f)  are  almost  as  large  as  the  parietals  (p. ) ;  they 
are  now  in  one  piece  on  each  side. 

The  large  convex  parietals  have  the  frontals  running  in  between  them  in  the  coronal 
suture,  and  the  double  interparietal  (i.p.)  fits  on  to  them  concave  hinder  margin. 
The  sides  of  the  hind  skull  are  well  buttressed  by  the  squamosals  (sq. ) ,  and  the  fore 
part  of  the  skull  by  the  huge  maxillaries  (mx.),  and  the  middle-sized  premaxillaries 
(px.) ;  the  jugals  (j.)  are  smallish  ;  the  lachrymals  are  not  well  seen  in  this  view. 

But  in  the  side  view  (Plate  20,  fig.  3)  the  lachrymals  (/.)  are  seen  to  be  intraorbital ; 
they  are  oval,  have  a  large  opening  ( l.c .)  in  front,  and  are  very  thin.  The  imbrication 
of  the  subcutaneous  scutes  that  invest  the  endocranium  is  well  seen  in  this  view. 
The  jugal  was  removed  in  the  preparation  figured,  to  display  the  interior  of  the  orbit, 
the  inner  wall  of  which  is  composed  of  the  lachrymal,  orbital  plate  of  the  frontal,  and 
maxillary,  in  front ;  and  behind,  by  the  frontal,  parietal,  and  squamosal ;  it  is  a  very 

*  Eor  6.0.  read  b.s. 
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open  space.  The  postglenoid  part  of  the  squamosal  ( sq .)  is  short,  the  hind  part  of 
the  squama,  in  the  end  of  the  temporal  fossa,  is  perforated.  The  facial  nerve 
(VII.)  is  figured,  and  also  its  chorda  tympani  branch  (Vlla.),  passing  to  the  large 
inferior  branch  of  the  trigeminal  (V3.).  The  1st  and  2nd  branches  of  that  nerve 
(V1.,  V2.),  are  seen  emerging  from  the  sphenoidal  fissure,  the  former  re-entering  the 
skull  through  the  main  orbital  foramen,  and  the  latter  running  forward  through  the 
great  maxillary  canal,  and  emerging  through  the  supraorbital  foramen. 

The  optic  nerve  (II.)  is  seen  between  the  forks  of  the  trigeminal  (V1.,  V3.),  emerging 
from  its  own  foramen  opticum. 

The  investing  bones,  as  seen  from  below  (fig.  1),  show  the  finishing  of  a  very  fine 
piece  of  architecture  ;  the  hinder  superficial  pieces,  the  tympanies,  were  removed  to 
display  the  proper  cranial  structures.  This  individual  was  just  cutting  its  teeth  ;  the 
huge  sockets  for  which  are  shown  with  but  partially  developed  dissepiments. 

The  premaxillaries  have  a  large  dentary  part,  and  a  small,  short  palatine  process  ; 
over  this,  however,  the  anterior  paired  vomer  (v'.),  is  seen,  which  afterwards  makes 
that  process  of  the  normal  size. 

The  maxillaries  (mx.)  are  enormous,  being  gravid  with  many  large  teeth,  and,  as  the 
palate  is  very  wide  between  the  tooth-rows,  the  concave  palatine  plates  are  of  great 
extent.  There  is,  here,  as  in  many  of  the  Edentata,  a  sign  of  some  distinctness  of 
the  inner,  from  the  submarginal,  part  of  this  bony  roof.  The  inner  part  is  wedged 
in  between  the  rami  of  the  premaxillary  ( a.p.f. )  in  front,  and  then  an  oblique  ridge, 
running  backwards,  and  a  little  inwards,  up  to  the  posterior  palatine  foramen,  marks 
the  inner  part  off  from  the  outer.  The  outer  part  of  the  hard  palate  is  a  concave 
tract,  forming  a  lanceolate  flange  to  the  internal  alveolar  wall.  The  hinder  part  of 
the  alveolar  tract  is  unfinished ;  the  jugal  process  is  short  and  sharp. 

The  palatine  bones  {pa.)  are  very  elegant,  and  quite  Metatherian  in  their 
characters  ;  their  palatal  plates  are  sharp  wedges,  running  forwards,  together,  between 
the  palatal  plates  of  the  maxillaries.  An  irregular  subreniform  fontanelle  is  seen 
in  each  plate,  near  its  middle,  behind  the  thickening  inside  the  posterior  palatine 
foramen  ( p-'pf  )■  Each  bone  has  a  thick  subarcuate  margin,  as  the  finishing,  behind, 
of  the  palatal  plate  ;  these  ridges  are  turned  a  little  forwards  as  well  as  outwards. 
Part  of  the  suberanial  tract  of  each  bone  is  seen  behind  the  hard  palate,  bounding 
the  nasopalatine  canal;  this  is  clamped  by  the  pterygoid  ( pg .);  outside  this,  the 
palatine  bone  spreads  into  a  hooked  wing,  which  bends  round  the  front  of  the 
oblique,  oval,  small  external  pterygoid  plate  ( e.pg .).  The  distinct  upper  vertical  tract 
of  the  palatine  ends  a  little  behind  the  anterior  sphenoid  (o.s.),  then  the  wall  is  con¬ 
tinued  a  short  distance  further  back  by  the  pterygoids  ( pg .),  which  are  not  distinct, 
now,  but  have  already  coalesced  with  the  sides  of  the  wide  basisphenoid  bone  ( b.s .); 
the  lower  part  is  terete,  and  ends  in  a  short,  free  hamular  process,  which  has,  now, 
used  up  all  the  cartilage. 

The  tympanies  are  not  given  in  this  figure;  they  have  been  removed,  with  the 
ossicula  auditus,  to  display  the  auditory  region. 
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The  jugals  (j.)  are  flat  styles ;  the  squaraosals  ( sq .),  riding  over  them,  are  seen  to 
swell  out  into  a  convex  shell  of‘  bone  clamping  the  parietal,  and  then  to  grow 
inwards  to  be  covered  with  the  broadly-reniform  glenoid  facet  ( gl.c .).  The  post¬ 
glenoid  tract  is  here  seen  to  bend  in  to  the  mastoid  region  of  the  ear-capsule,  and  to 
end  in  three  tooth-like  processes. 

Both  the  end  view  (Plate  19,  fig.  6),  and  the  inner  view  (Plate  1.9,  fig.  8),  also  show 
the  investing  bones  from  their  aspects. 


Endocranium  of  the  Fifth  Stage  of  Erinaceus  europeeus. 

The  vertical  section  (Plate  19,  fig.  8)  shows  the  whole  of  the  craniofacial  axis  up 
to  the  presphenoid  (ps.);  behind,  that  the  axis  was  cut  along  the  middle,  and  only 
half  the  skull  was  figured  ;  this  part  is  only  two-fifths  of  the  whole  length.  The 
round  snout  has  its  own  septum  marked  off  from  the  proper  septum  nasi  (s.n.)  by  a 
considerable  inferior  notch,  in  which  the  Jacobson’s,  or  recurrent  cartilages  ( rc.c .)  are 
seen  to  arise.  These  folded  leaves  are  tubular  in  their  most  perfect  j>art,  and  then 
are  open  along  the  side. 

Over  the  notch  the  intertrabecula  (i.tr.)  is  very  thick,  but  it  diminishes  very  little 
all  along  the  base  of  the  great  ethmonasal  wall  (s.n.,  p.e .);  itis  ossified  behind  by  the 
orbitosphenoids  ( o.s .),  in  the  presphenoidal  region  ;  there  is  no  separate  median  bone 
there. 

The  front  paired  vomer,  and  the  vomer,  proper,  (v. ,  v.),  are  shown  in  situ;  the 
nasals  and  frontals  ( n.,f. )  lie  over  the  roof  ( al.sp .,  al.e.). 

The  short  descending  side  of  the  low  triangle  formed  by  the  great  partition  is 
notched  by  the  numerous  olfactory  filaments,  and  the  cribriform  plate  (cr.p.)  is  seen  to 
the  right  of  this  crested  tract,  which  has  a  small,  special  elevation,  above — the  crista 
galli  ( cr.g .). 

The  anterior  sphenoid  is  still  continuous  with  the  nasal  labyrinth ,  in  front,  by  the 
fore  edge  of  the  great  orbitosplienoidal  cartilage  (o.s.) ;  the  lower  third  of  this  tract 
is  ossified,  and  is  perforated  by  the  optic  nerve  (II.)  near  its  hind  margin,  below. 

The  rest  of  that  sinuous  margin,  passing  into  cartilage  above,  is  now  abruptly  free, 
the  rest  of  the  band,  over  the  alisphenoid,  and  along  the  supra-auditory  region  (see 
figs.  1-4)  having  been  absorbed. 

Thus  the  sphenoidal  fissure  (V1,  2.)  is  now  very  steep,  and  perfect ;  it  is  bounded 
below  by  the  cartilage  still  remaining  between  the  fused  orbitosphenoids  (p.s.)  and 
the  distinct  basisphenoid  ( h.s .).  The  low-lying  alisphenoid  (al.s.)  is  free,  in  front, 
and  bulges  outwards ;  it  is  only  notched  in  front  by  the  2nd  branch  of  the  5th  nerve, 
but  is  perforated  by  the  3rd  branch  (V3.),  which  forms  a  large  foramen  ovale  near  its 
hind  third ;  this  is  much  the  smaller  wing,  even  now.  The  basisphenoid  is  both  long 
and  wide  ;  over  its  hinder  half  the  cochlea  is  seen  ;  the  pituitary  hole  (see  fig.  4)  is 
present,  but  the  sellar  depression  is  slight. 
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The  auditory  capsule  is  largely  ossified,  especially  on  this,  its  inner,  face  ;  the  “  crest” 
of  cartilage  is  not  quite  gone,  nor  quite  ossified.  The  recess  for  the  flocculus  (fl.r.) 
under  the  arch  of  the  anterior  canal  ( a.s.c .)  is  about  the  size  of  the  meatus  internus 
or  vestibular  eave  leading  to  the  foramina  for  the  7th  and  8th  nerves  (VII.,  VIII.). 
The  other  foramina  (IX.,  X.,  XII.)  in  front  of,  and  through,  the  occipital  arch  ( s.o ., 
e.o.,  b.o.)  are  seen  in  this  section. 

Part  of  the  outer  view  of  the  hind  skull  (Plate  19,  fig.  9)  shows  the  normal  division 
of  the  petromastoid  into  prootic,  epiotic,  and  opisthotic  centres  ( pr.o .,  ep.,  op.),  but 
the  wedge-like  epiotic  is  not  a  very  distinct  tract ;  it  is  hound  to  the  rest  of  the 
main  centre — the  opisthotic— on  its  inner  side. 

There  is  still  unossified  cartilage  over  the  anterior  canal,  and  outside  its  ampulla, 
and  that  of  the  horizontal  canal ;  the  paroccipital  process  ( p.oc .)  is  still  cartilaginous, 
and  also  the  stem  of  the  epihyal  ( e.hy .). 

These  parts  are  also  seen  in  the  end  view  (Plate  19,  fig.  6),  which  displays  the 
occipital  arch  perfectly,  and  the  auditory  capsules  partially ;  the  broad  cartilaginous 
tracts,  here  seen,  give  the  whole  structure  depicted  a  diagrammatic  distinctness. 

In  the  lower  view  of  this  perfect  skull  (Plate  20,  fig.  1)  the  broad  snout  in  front,  and 
the  broad  basis  cranii,  behind,  are  displayed,  fore  and  aft  of  the  large  investing  bones 
of  the  upper  face  and  palate. 

The  hinder  part  of  the  anterior  sphenoid  ( o.s .,  p.s .)  is  seen  behind  the  hard  palate, 
in  the  roof  of  the  nasopalatine  canal,  in  the  middle,  and,  right  and  left,  in  the  wall  of 
the  orbit.  The  top  of  the  orbitosphenoid  (o.s.)  is  still  unossified,  and  the  presphenoid 
has  been  formed  by  the  fusion  of  the  proximal  parts  of  the  ossified  tracts,  right  and 
left,  of  the  two  orbitosphenoids  (see  also  Plate  19,  fig,  8). 

But  the  posterior  sphenoid  is  freely  displayed  in  this  aspect,  covered,  however,  in 
one  part,  by  the  small  pterygoids  ( pg .)  that  have  coalesced  with  it  by  their  subcranial 
flange. 

The  suture,  right  and  left,  between  the  alee  and  the  base  ( al.s .,  b.s.),  is  fast  dis¬ 
appearing,  so  that  the  whole  tract  which  forms  so  large  a  part  of  the  base  and  lower 
wall  of  the  cranium,  proper,  is  now  practically  one  bone.  The  well-formed  temporal 
squama  ( sq .)  forms  a  slightly  squamous  suture  with  the  outer  edge  of  the  alisphenoid 
(al.s.),  which,  in  turn,  lies  some  distance  outside  the  orbitosphenoid  (o.s.).  But  in 
this  view  the  squamosals  are  seen  only  to  form  a  thin  clamp  to  the  alisphenoid s,  which 
stretch  across  the  wide  tract  that  intervenes  between  the  hard  palate  and  the  auditory 
capsules.  In  front  of  the  squamous  suture  the  alisphenoid  is  notched  and  uncinate  at 
its  antero-external  angle,  and  then  has  a  somewhat  notched,  thick  margin  bordering 
the  sphenoidal  fissure  (V1.,  V2.).  Behind  this  fissure  the  palatine  bone  is  seen  to  hook 
itself  round  the  front  and  outside  of  the  small,  oval,  oblique  “  external  pterygoid 
plate”  (e.pg.).  A  moderate  fossa  is  seen  between  this  piece  of  carpentry  and  the 
ankylosed  pterygoid  bone  (pg.),  behind  which  a  small  foramen  is  seen.  The  foramen 
ovale  (X3.)  forms  a  conspicuous  opening,  behind,  and  further  outwards,  than  the 
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external  pterygoid  plate.  Behind  the  foramen  the  outer  margin  of  the  alisphenoid  is 
notched,  gently,  and  then  grows  outwards  again  to  form  a  wedge,  which  is  strongly 
jammed  in  between  the  squamosal  and  the  petrous  bone.  Leading  from  the  external 
pterygoid  plate  to  this  wedge,  inside  the  foramen  ovale,  is  an  elegant  crest  of  bone, 
concave,  externally,  and  lying  below  the  rough,  dentated,  hinder  edge  of  the  ali¬ 
sphenoid.  This  is  the  boundary  line  of  the  junction  of  the  basal  and  alar  osseous 
centres,  and  it  is  this  tract  which  corresponds  with  the  alisphenoidal  part  of  the 
bulla  of  a  Marsupial,  the  root  of  its  so-called  “  tympanic  wing.”  This  and  the 
rest  of  the  hasisphenoid  ( b.s .)  form  a  very  peculiar  structure,  quite  diagnostic  of  an 
Insectivore,  and,  when  suppressed,  tells  of  a  departure  from  the  normal  skull  of  this 
Order.  The  fore  part  of  the  basal  tract  is  pinched  in  so  as  to  form  a  very  narrow 
passage ;  the  hind  part  widens  into  a  semioval  concave  space.  Bight  and  left  of  this 
space  the  basisphenoidal  tympanic  wings  grow  out ;  these  are  square  tracts,  notched 
and  uncinate  behind,  and  hollow,  externally,  where  they  add  to  the  general  drum- 
cavitv.  These  hinder  outgrowths  of  the  hasisphenoid  are  separated  by  a  notch, 
externally,  and  by  a  groove  continued  from  the  notch,  internally,  from  the  pre- 
tympanic  wing  which  has  its  liomologue  in  the  Marsupial.  The  cochlear  part  of  the 
opisthotic  (chi.)  articulates  on  its  inner  side  with  the  hasisphenoid,  and  in  its  outer  is 
margined  by  the  grooved  tegminal  tract  which  contains  the  horizontal  semicircular 
canal  (fig.  3,  h.s.c.).  Here  the  fenestra  ovalis  ( fs.o .),  fenestra  rotunda  (fr.),  and  the 
hinder  opening  of  the  groove  for  the  facial  nerve  (VII. ),  bridged  over  by  the  epihyal 
( e.hy .),  are  all  displayed. 

The  cartilaginous  projection  that  contains  the  two  front  am  pul  he  is  separated  by  a 
bony  tract  of  the  opisthotic  from  the  next  cartilaginous  swelling — the  paroccipital 
(p.oc.) ;  behind  this  the  condyle  ( oc.c .)  forms  a  third  cartilaginous  convexity.  The 
broad,  short  occipital  ring  has  its  transversely  oblong  basal  piece  (b.o.)  separated,  still 
by  a  widish  tract  of  cartilage,  from  the  exoccipitals  ( e.o .)  ;  these  are  bored  by  the 
12th  and  notched  by  the  9th  and  10th  nerves  (XII.,  IX.,  X.). 

The  upper  view  (Plate  20,  fig.  2)  shows  but  little  of  the  endocranium;  but  a  dissected 
skull,  shown  in  its  lower  aspect  (Plate  IS,  fig.  7),  as  far  as  the  first  third  of  the  basi- 
sphenoid,  displays  several  parts  not  yet  described. 

In  this  preparation  several  of  the  lesser  splint  bones  were  left,  in  situ,  and  figured  ; 
the  premaxillaries  ( px .)  are  shown  cut  through  their  alveoli,  horizontally,  and  we  see 
that  their  palatine  process  is,  at  present,  very  short.  But  the  front  paired  vomers 
(v'.)  are  close  behind,  and  above,  the  sub-median  part  of  those  bones;  they  are  long- 
splints,  a  little  scooped  on  their  outside,  and  are  in  close  contact  with  the  pointed  fore 
end  of  the  vomer  proper  ( v ,),  which  runs  in  above  them.  Bight  and  left  of  the  paired 
bones  (v.)  we  see  the  large  cochleate  recurrent  cartilages  (rc.c.),  and,  outside  these,  the 
ossified  inferior  turbinals  ( i.tb .).  The  fore  part  of  the  upper  and  middle  turbinals 
( u.tb .,  m.tb.)  is  ossified;  but  the  greater  part  of  the  wall  and  floor  of  this  large  bulbous 
labyrinth  is  still  unossified.  The  vomer  ( v .)  is  carinate  behind  its  pointed  fore  end, 
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and  the  keel  is  grooved;  the  hinder  two-fifths  is  in  two  forks,  that  run  back  and  gently 
bend  in  between  the  basal  beam  (p.e.)  and  the  postero-inferior  recesses  of  the  basal 
labyrinth.  Here  the  winged  divisions  of  the  vomer  serve  to  bind  together  the  right 
and  left  tracts  of  the  nasal  floor,  under  the  fore  half  of  the  middle  turbinal  region. 
This  second  upper  binding  together  of  the  right  and  left  face,  making  the  skull  doubly 
desmognathous ,  is  assisted  by  a  pair  of  oblong  splints,  the  posterior  paired  vomers 
iv" . ),  which  run  from  this  great  opening  between  the  inferior  and  middle  turbinals  up 
to  the  oval  hinder  recess,  right  and  left,  of  the  presphenoid.  When  the  middle 
turbinal  is  well  ossified  in  its  lower  as  well  as  in  its  front  part,  then  the  three 
vomerine  bones  and  the  ossified  floor  and  turbinals  all  become  an  indistinguishable 
tract  of  bone.  This  preparation  is  only  figured  up  to  the  hind  margin  of  the  foramina 
ovalia  (V3.)  ;  the  optic,  ophthalmic,  and  maxillary  nerves  (II.,  V1.,  V2.)  are  figured, 
emerging  from  the  optic  foramina  and  sphenoidal  fissures.  The  rest  of  the  skull  in 
this  aspect  is  seen  in  the  entire  palatal  view  (Plate  20,  fig.  1). 

Viceral  arches  of  the  Fifth  Stage. 

The  lower  jaw  (Plate  22,  fig.  8)  is  now  almost  complete,  but  there  is  a  little  cartilage 
still  left  on  the  coronoid  and  angular  processes.  The  latter  ( ag.p .)  is  somewhat 
incurved.  The  fore  part  of  Meckel’s  cartilage  and  the  basimandibular  rod  (mk. , 
h.mn.)  are  still  present,  but  the  freed  part  of  the  bar  is  now  ossified  as  a  large  spatulate 
processes  gracilis  ( pr.g .),  much  larger  than  the  manubrium  (mp. ). *  The  incus 
and  stapes  (i.,  st.)  are  now  ossified,  and  are  seen  in  situ,  so  also  is  the  annulus  ( a.ty ) ; 
all  these  parts  are  shown  from  their  inner  face. 

The  hyoid  arch  (Plate  22,  fig.  9)  has  acquired  all  its  bony  centres,  but  the  thick, 
crescentic  hypohyals  ( h.hy .)  are  only  ossified  in  their  middle,  and  the  upper  cerato- 
hyal  ( c.hy .)  only  half-way  up.  The  epihyal  (Plate  20,  fig.  1,  and  Plate  22,  fig.  9,  e.liy .) 
is  ossified  in  the  upper  part  directly  from  the  bony  substance  of  the  opisthotic  (op.) ; 
it  has  no  separate  proper  centre  (“  tympanohyal  ”),  nor  splint  (“  stylohyal  ”). 

Sixth  Stage  of  Shdl  of  Erinaceus  europseus  ;  young  ;  two-thirds  grown. 

These  large  young  are  profitable  for  study,  because,  although  well  ossified  for  the 
most  part,  nearly  all  the  sutures  are  very  visible ;  a  vertical  section  at  this  stage 
(Plate  20,  fig.  4)  is  very  instructive. 

In  the  fore  part  we  see  the  rounded  form  of  the  snout,  and  the  complete  septum 
that  has  grown  forwards  from  the  proper  septum  nasi  between  the  alinasal  folds  ( cd.n .). 
The  whole  partition  wall,  from  the  front  of  the  snout  to  the  fore-edge  of  the  pre¬ 
sphenoid  ( p.s .),  is  two-thirds  the  length  of  the  whole  craniofacial  axis.  The  highest, 
or  hinder  part,  is  ossified  as  the  perpendicular  ethmoid  (p.e.),  and  this  reaches  forwards 
for  nearly  a  third  of  the  length  of  the  wall  behind  the  snout.  The  bone  runs  further 
forwards  above  than  below ;  laterally,  behind,  it  is  now  confluent  with  the  partially 

*  The  letters  of  reference  should  have  been  mb 
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ossified  cribriform  plate  ( cr.p .)  ;  behind,  it  gets  to  be  a  low  thick  w7all  between  the 
retral  recesses  of  the  nasal  labyrinth.  The  septum  (s.n.)  is  moderately  thick  from 
above,  where  it  gives  off  the  aliseptal  folds  ( al.sp .)  to  the  thick  base  ;  that  part  shows 
its  thickness  as  a  solid  rod  with  a  flat  crest,  from  the  low  hind  part  to  the  equally 
low  foremost  part  of  the  septum  nasi  proper.  There,  the  septum  is  notched,  below, 
and  right  and  left  of  the  notch  the  base  of  the  alinasal  folds  gives  off  the  recurrent 
cartilages  ( rc.c .),  large  spatulate  processes,  tubular,  proximally.  The  palatine  process 
of  the  premaxillary  (p.px.)  is  seen  in  its  thick  part,  the  rest,  separate,  for  some  time, 
as  a  front  vomer,  is  given  in  outline  in  the  figure,  showing  that  it  is  inside  the 
cartilaginous  process.  The  vomer  ( v .)  is  seen  supporting  the  thick  intertrabecular 
base  of  the  partition,  and  under  this  we  see  the  thick  inner  edge  of  the  palatine 
plate  of  the  maxillary  ( mx .)  ;  these  bones  are  united  by  suture,  and  now  we  see  why 
the  median  vomer  should  have  its  keel  double  (see  Plate  19,  fig.  7,  v.),  for  it  articii- 
lates  with  two  plates  beneath  it,  and  these  bones,  doubly  sutured  together,  divide 
the  right  and  left  nasal  passages  from  each  other.  This  division  ceases  where  this 
suture  ceases,  and  this  is  half-way  between  the  external  and  posterior  nasal  openings  ; 
the  latter  open  out  behind  the  soft  palate,  which  is  strengthened  right  and  left  by 
the  descending  plates  of  the  palatine  and  pterygoid  bones  (pa.,  pg.).  The  cranial 
cavity  is  roofed,  and  largely  walled  in,  by  the  frontals,  parietals,  and  interparietals 
(/,  p.,  i.p.),  the  ossified  remains  of  the  endocranium  lying  low  down  in  the  floor  of 
the  skull.  A  round  notch  makes  the  orbitosphenoid  bilobate ;  above  the  front  lobe 
is  a  thin  ragged  tract  lining  the  orbital  plate  of  the  frontal.  Where  these  join 
there  the  1st  branch  of  the  5th  nerve  (V1.,  ophthalmic)  has  entered  (see  also  Plate  20, 
figs.  3  and  5,  V1.),  it  is  seen  in  this  section  riding  over  the  outside  of  the  cribriform 
plate  to  gain  the  nasal  cavity.  The  longer,  more  regular  hinder  lobe  of  the  orbito¬ 
sphenoid  ( o.s .),  passes  inside  the  alisphenoid  (al.s.) ;  these  parts  lie  so  low  down  that 
neither  the  optic  foramen,  nor  the  foramen  lacerum  anterius,  or  sphenoidal  fissure, 
are  seen  in  this  directly  lateral  view.  The  parietal  (p.)  passes  so  well  down  the 
skull  wall  that  the  squamosal — as  in  the  Ostrich — is  not  seen,  or  scarcely  at  all ;  in 
this  inner  view  the  elegant  curve  of  the  lateral  sinus  (l.s.)  is  seen  near  the  lower  edge 
of  the  parietal. 

The  alisphenoid  (al.s.)  is  here  visible  as  a  strong  concave  shell  of  bone,  hidden, 
however,  in  front,  by  the  orbitosphenoid,  and  below  by  its  own  large  basal  beam  ( b.s .) ; 
its  thick  ear-shaped  hind  part  rides  over  the  front  of  the  cochlea,  and  the  great 
oval  foramen  (V3.)  is  seen  opposite  its  front  third  ;  behind  this  part  of  the  base  the 
sella  turcica  is  seen  as  a  shallow  concavity,  and  the  posterior  clinoid  wall  as  a  mere 
thickening  of  the  base  ;  behind  that  thickening  the  postclinoid  region  dips  downwards 
— a  normal  state  for  this  and  the  rest  of  the  base  ( b.o .). 

A  solid  tract  of  cartilage  still  exists  between  all  the  three  basicranial  bones,  the 
first  of  these  ( p.s .)  is  high,  but  it  is  not  an  independent  presphenoid  ;  it  is  only 
formed,  as  bone,  by  the  juncture  and  ankylosis  of  the  right  and  left  orbitosphenoids. 
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The  ossified  auditory  capsule  is  seen  over  the  second  synchondrosis ;  it  is  obliquely 
fixed,  large,  and  full  of  hills  and  hollows  on  this  aspect.  The  supra-auditory  tract  of 
cartilage  has  been  largely  absorbed,  but  its  base  was  ossified,  and  that  remains  as  a 
rough  crest  to  the  capsule.  Below  this,  in  front,  the  anterior  canal  ( a.s.c .)  is  seen  with 
its  ampulla ;  an  oblique  rib  of  bone  ascends  from  the  cochlea  to  the  crown  of  the 
arched  canals,  the  anterior  and  posterior.  This  arch  and  its  hinder  enlargement 
behind  the  hollow  for  the  flocculus  (fl.r.)  is  not  formed  by  the  posterior  canal  and  its 
ampulla,  but  by  the  growth  of  a  tubercle  of  bone  inside  that  arch,  bounding  the 
floccular  recess  behind,  as  the  oblique  ridge  does  in  front. 

The  meatus  auditorius  internus  (VII.  VIII.)  is  a  large  archway,  between  which 
the  petromastoid  bone  swells  into  the  fore  part  of  the  deep  sulcus  for  the  posterior 
sinus,  and  for  the  exit  of  the  9th  and  1  Oth  nerves  ;  the  hollow  for  the  sinus  opens 
below  into  the  foramen  lacerum  posterius.  Behind  that  opening  the  lesser  hole, 
or  condyloid  foramen  (XII.)  is  seen  in  the  substance  of  the  exoccipital  (e.o.)  ;  the 
condyle  ( cc.c .)  is  seen  behind,  the  basioccipital  ( b.o .)  in  front,  and  the  supraoccipital 
(s.o.)  above  it. 

The  large  rough  wings  of  the  basisphenoid  are  seen  below  the  basal  section  and 
behind  the  pterygoid  bone  ( pg .). 

The  inner  view  of  the  nasal  labyrinth  (Plate  20,  fig.  5),  obtained  by  removal  of  the 
perpendicular  ethmoid  and  septum  nasi,  shows  the  complex  folds  of  the  nasal,  inferior, 
upper,  and  middle  turbinals  (n.tb.,  i.tb,,  u.tb.,  m.tb.),  and  here  the  ophthalmic  nerve  (V1.) 
can  be  seen  in  its  course  along  the  interior  of  the  labyrinth.  Below  the  cribriform 
plate  (cr.p.),  the  right  recess  of  the  hindermost  part  of  the  nasal  cavity  is  seen 
running  by  the  base  where  the  ethmoidal  and  presphenoidal  regions  meet. 


Seventh  Stage  of  the  Shull  of  Erinaceus  europaeus  ;  young ;  three.-fourths  grown. 

I  have  merely  figured  the  outer  auditory  bones  in  this,  a  somewhat  more  advanced 
stage  than  the  last,  as  they  are  now  in  a  very  instructive  state — a  state  retained  only 
for  a  few  months  longer,  after  which  much  absorption  and  modification  of  bone  will 
take  place. 

The  outer  view  of  the  ear-drum  and  its  chain  (Plate  22,  fig.  10),  shows  a  condition 
quite  comparable  to  what  is  found  in  subadult  and  adult  Marsupials.  Moreover  the 
annulus  ( a.ty .),  now  rapidly  strengthening  its  thickening  inner  edge,  and  has  there  a 
row  of  small  osseous  points  quite  similar  to  those  that  are  the  only  rudiments  of  the 
tympanic  ring  in  the  Bird  ;  that  feeble  chain  of  bones  is  best  seen  in  the  Corvidae. 

The  processus  gracilis  of  the  malleus  is  several  times  larger  than  the  manubrium 
(p.gr.,  mb.) ;  it  is  a  strongly  ribbed  bar,  which,  appearing  in  front  of  its  tympanic  attach 
ment,  there  shows  a  rudiment  of  the  pretympanic  hook  so  large  in  many  Marsupials. 
The  body  of  the  malleus  is  large,  and  the  “posterior  angular  process”  ( p.ag .),  behind 
the  manubrium,  is  a  semioval  convexity.  The  short  crus  of  the  stout  and  wmll-made 
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incus  ( s.c.i .)  is  unusually  short ;  the  long  crus  ( l.c.i .)  is  also  short,  but  is  well  inturned, 
and  has  an  oval  facet  for  the  head  of  the  stapes. 

That  bone  (st.)  is  rather  high,  has  a  long  oval  base,  narrow,  and  somewhat  snaggy 
sides,  and  has  a  tubercle  on  its  neck,  in  which  is  a  very  rudimentary  interhyal 
( i.hy .),  rooted  in  the  base  of  the  stapedial  muscle’s  tendon  ( st.m .). 

Eighth  Stage  of  the  Skull  o/'Erinaceus  europseus  ;  nearly  adult. 

This  skull  is,  conceivably,  a  very  gentle  modification  of  the  type  we  are  familiar 
with  in  the  Marsupials ;  it  is  just  fairly  within  the  Eutherian  margin.  The  upper 
and  side  views  (Plate  2],  figs.  2,  3)  show  that  most  of  the  sutures  are  still  present,  and 
that  where  the  sagittal  is  dying  out,  there  a  crest  is  forming  between  the  top  of 
the  large  temporal  muscles.  Also  a  lambdoidal  crest  is  seen  behind  the  wide 
interparietal  (ip.),  which,  however,  is  confluent  with  the  proper  supraoccipital 
(fig.  4,  s.o.).  The  coronal  suture  is  W -shaped,  the  bones  being  strongly  dovetailed  into 
each  other.  The  large,  long  nasals  (n.),  narrow  behind,  take  up  about  a  third  of  the 
gently  arcuate  dorsal  line  of  the  skull  ;  the  frontals  (/.)  flank  them  in  front,  but  do 
not  reach  the  large  ascending  plate  of  the  premax illaries  ( px .),  the  much  larger 
maxillaries  ( rnx. )  intervening.  An  oblique  ridge  separates  a  deep  fossa  above  from 
the  large  lachrymal  passage  ( l.c .)  below;  this  passage  is  on  the  edge  of  the  orbit,  but 
most  of  the  bone,  now  largely  fused  with  the  maxillary,  is  inside  the  orbit.  The 
orbital  space  opens  freely  into  the  temporal  fossa,  and  the  outlines  of  the  bones  that 
form  the  whole  of  this  concavity  can  be  well  seen  for  the  most  part,  the  fusion  of  the 
lachrymal  with  the  maxillary  being  exceptional.  Down  at  the  base  of  the  orbit  the 
orbitosphenoid  can  be  seen  passing  within  the  alisphenoid,  and  some  distance  outside 
the  former  the  alisphenoid  and  maxillary  meet  and  form  a  narrow  longitudinal  bridge 
over  the  thick  edge  of  the  palatine  bone  (pa.). 

The  infraorbital  foramen  (V3.)  is  large,  and  so  is  the  canal  that  runs  backwards  into 
the  skull  through  the  hinder  part  of  the  sphenoidal  fissure,  for  the  alisphenoid 
(Plate  20,  fig.  6,  al.s.)  is  deeply  grooved  for  this  large  2nd  branch  of  the  5th  nerve. 

The  jugal  (j.)  is  moderately  strong;  it  reaches  the  glenoid  fossa,  but  is  sharp 
there  ;  it  does  not  dilate,  terminally,  as  in  the  Marsupials.  Part  of  the  basis  cranii  and 
the  auditory  ring  can  be  seen  from  the  side  view,  but  the  lower  view  (Plate  21,  fig.  1), 
alone,  displays  these  parts  well.  The  premaxillaries  and  maxillaries  (px.,  mx.)  at  their 
palatal  junction  leave  a  considerable  space  (a.p.f),  right  and  left,  through  which  the 
recurrent  cartilages  and  Jacobson’s  organs  can  be  seen.  The  palatine  processes  of  the 
premaxillaries  are  lung  but  lie  above  those  of  the  maxillaries  ;  they  have  added  to  their 
substance  and  length,  the  antero-lateral  vomers  or  splints  of  Jacobson’s  organs.  The 
palatine  plates  of  the  maxillaries  form  a  fine  large  concave  roof ;  they  are  followed  by 
the  imperfect  plates  of  the  palatine  bones  (pa.).  The  fenestra  seen  in  each  bone  in  the 
5th  stage  (Plate  20,  fig.  1,  pa.)  is  now  a  deep  notch  open  in  front,  for  each  palatine  bone 
is  now  formed  in  its  lower  part  and  fore  half  into  a  flat  fork  with  long  ragged  “  tines  ;” 
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the  inner  being  the  larger  and  uniting  by  a  “  harmony  suture  ”  with  its  fellow  of  the 
opposite  side.  The  ascending  part  of  the  palatines  is  strong  and  has  coalesced  with  the 
external  pterygoid  plates  (e.pg.)  on  the  outer  side;  they  have  not  united  with  the 
pterygoids  (pg.).  The  hind  margin  of  the  hard  palate,  formed  by  the  palatines,  which 
have  not  united  with  the  maxillaries,  is  an  elegant  archway  with  a  strong  upper  lintel 
over  it,  formed  by  a  thick  rib  on  each  of  the  palate  bones  ;  these  ribs  meet  at  the 
mid-line  at  a  very  obtuse  angle. 

The  elements  of  the  basis  cranii  behind  and  below  are  fast  coalescing  with  each 
other ;  the  sutures  of  the  hind  skull,  however  (fig.  4),  are  most  of  them  visible. 

The  paroccipital  processes  ( p.oc .)  are  thickish  and  somewhat  foliaceous  ;  they  finish  a 
semioval  occipital  plane,  with  its  large  convex  obliquely  pyriform  condyles  ( oc.c .).  But 
in  front  of  the  occipital  arch  the  mastoid  processes  (fig.  4,  op.)  project  like  wings  and  are 
there  strongly  sutured  to  the  postglenoid  process  of  the  squamosal  (sq.),  which  is 
pneumatic,  and  has  its  own  foramen.  There  is  a  large  foramen  lacerum  posterius 
for  the  9th  and  10th  nerves,  and  a  lesser  foramen  condyloideum  for  the  12th 
(fig.  1,  XI.).*  The  ossified  auditory  capsule  has  already  been  described  (6th  Stage, 
Plate  20,  fig.  4),  but  the  posterior  sphenoid,  and  the  turbinal  folds  of  the  nasal 
labyrinth,  with  the  interior  sphenoid  can  be  well  studied  in  this  scarcely  adult  stage, 
whilst  the  parts  are  still  capable  of  being  taken  to  pieces  to  a  considerable  degree. 

The  posterior  sphenoid  shown  in  its  upper  aspect  (Plate  20,  fig.  6),  is  a  large  winged 
bone,  with  a  ragged  outline  and  a  multiperforate  surface. 

The  large  foramen  ovale  (V3.)  is  at  the  hinder  and  the  middle  third  of  each  great 
wing  ( al.s .)  ;  the  2nd  and  1st  branches  of  the  5th  nerve  pass  with  the  lesser  orbital 
nerves  out  of  the  sphenoidal  fissure. 

The  fore  part  of  the  bone  does  not  fit  itself  to  the  hinder  part  of  the  anterior 
sphenoid  (Plate  21,  fig.  7,  o.s.,  p.s.),  except  at  the  middle  ;  the  pointed  fore  end  of  each 
large  wing  grows  outside,  free  of  the  orbitosphenoid.  The  outer  and  hinder  part  of 
each  wing  is  rounded,  and  this  upper  surface  is  broken ;  it  is  strongly  grooved  where 
the  2nd  branch  of  the  5th  escapes  from  the  3rd  and  runs  forwards  and  inwards  to 
the  great  fissure.  The  narrow  front  part  of  the  basisphenoid  lies  some  height  above 
the  wings,  and  the  bone  has  several  small  perforations  at  this  part.  The  hinder 
broad  part  of  this  bar  is  very  gently  hollowed  for  the  pituitary  body,  and  the  post- 
clinoid  wall  ( p.cl. )  is  extremely  low. 

The  lower  surface  of  the  bone  shows  the  greatest  number  of  diagnostic  marks  of  a 
typical  Insectivorous  skull.  The  inferior  wings,  external  pterygoid  processes  (e.pg.),  and 
pterygoid  bones  (pg.),  are  well  developed  and  have  a  good  fossa  between  them.  The 
latter  are  distinct  from  the  palatines,  but  have  come  away,  in  disarticulation,  with  the 
basisphenoid,  having  already  become  ancliylosed  to  it,  above.  Between  these  internal 
plates  the  bone  is  sharply  grooved,  but,  behind,  between  the  tympanic  wings,  the  basi¬ 
sphenoid  has  a  large  cup-shaped  recess  which  might  have  lodged  some  such  body  as 

*  For  XI.  read  XII.  in  this  figm’e. 
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the  pituitary.  This  recess  is  bounded,  behind,  by  a  snag  from  each  tympanic  wing. 
These  wings  are  deeply  notched  in  front,  on  their  outer  side,  and  in  front  of  the  notch 
the  alisphenoid  has  a  strong  rib  of  bone  running  with  its  concave  outline  forwards  to 
join  the  external  pterygoid  process.  This  rib  is  itself  notched  in  the  young,  but  in  old 
specimens  this  notch  is  converted  into  a  foramen.  Here  in  this  immature  specimen 
the  hole  is  finished  only  on  the  left  side — right  in  the  figure. 

The  same  parts  are  seen  from  the  hinder  aspect  of  the  bone  (Plate  20,  fig.  8). 

The  anterior  sphenoid  (Plate  21,  figs.  7,  8)  is  less  than  half  the  size  of  the  posterior; 
it  has  coalesced  with  the  compound  ethmoidal  bone,  behind  the  extensive  olfactory  fossa 
with  the  underlying  cribriform  plate  ( cr.p .).  The  sinuous  wings  (o.s.)  are  deeply 
grooved,  transversely,  near  their  hind  margin ;  these  grooves  lead  to  the  optic  fora¬ 
mina  (II.).  These  wings  are  formed  by  the  ossification  of  only  the  proximal  or 
lower  part  of  the  original  cartilage  (see  Plate  17) ;  they  lessen,  forwards,  like  the 
large  wings,  and  grow  down  into  a  keel  on  each  side  before  they  unite  to  form  the 
short  presphenoidal  bar. 

This  skull  is  doubly  desmognathous,  for  the  vomerine  series  of  bones  unite  the  two 
halves  of  the  nasal  labyrinth  into  one  common  complex  structure  (Plate  21,  figs.  7-9)  ; 
this  is  very  common  in  the  Mammalia;  and  is  sometimes  seen  in  Birds  ( e.g .,  Gymnorhina 
— the  Piping  Crow  of  Australia),  where  the  maxillary  palatine  floor  has  an  ethmo- 
vomerine  floor  completed  above  it. 

The  antero-lateral  vomers  have  coalesced  with  the  palatine  plates  of  the  premaxil- 
laries,  lengthening  them  considerably  ;  and  the  postero-Jateral  plates  have  coalesced 
with  the  outside  of  the  forks  of  the  main  vomer  (Plate  21,  figs.  7-9),  the  latter  is  a 
long  thickly  carinate  bone,  bluntly  pointed  in  front. 

That  which  is  most  important  to  remark  upon  in  the  ossified  nasal  labyrinth  itself  is 
that  the  various  turbinals — nasal,  inferior,  middle,  superior  ( n.tb .,  i.tb.,  m.tb.,  u.tb .)  — 
are  transformed  into  a  light  and  porous  kind  of  bone,  but  when  the  investing  bones — 
nasals,  frontals,  &c. — are  peeled  off  them  the  wall  is  found  to  have  been  absorbed  ;  the 
succeedaneum  to  this  wall  is  the  outer  investing  plate.  Hence,  these  coils,  when 
stripped  before  they  are  anchylosed  to  the  investing  plates,  have  large  vacuities 
between  them,  displaying  their  folds.  This  is  due  to  the  fact  that  the  secondary  folds 
or  turbinals,  ossify  first,  and  only  so  much  of  the  primary  wall  becomes  ossified  as  gave 
origin  to  these  out-growths  ;  the  intermediate  spaces  are  absorbed,  being  pressed  upon 
and  defended  by  the  superficial  bony  plates. 

The  pre-olfactory  region  occupied  by  the  inferior  or  maxillary  turbinal  (Plate  20, 
figs.  9,  10,  front  and  side  views)  is  very  large,  and  this  part  is  exceedingly  complicated, 
as  indeed  it  is  in  most  of  the  Eutheria ;  in  the  Babbit  and  the  Dog,  as  well  as  in  the 
Hedgehog. 

The  lower  jaw  (Plate  21,  figs.  5,  6)  is  fairly  intermediate  between  that  of  a  Marsupial 
and  that  of  a  high  Mammal ;  the  three  proximal  processes  are  all  large  and  well  formed, 
and  the  lower,  or  angular,  is  somewhat  inflected  as  well  as  thickened. 
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The  incus  ancl  stapes  have  altered  very  little  since  the  last  stage  (Plate  22,  figs.  10, 
11,  i.,  st.);  but  the  malleus  (Plate  22,  fig.  12)  has  lost  all  its  large  (metatherian)  fore¬ 
growth,  only  a  fine,  sharp,  processus  gracilis  ( p.gr .)  now  remains. 

The  hyoid  arch  (Plate  22,  fig.  14)  is  well  ossified,  now;  the  epihyal  ( e.hy .)  is  con¬ 
tinuous  with  the  ear-capsule,  above,  and  is  joined  to  the  upper  ceratohyal  ( c.liy .), 
below,  by  a  tract  of  non-segmented  cartilage.  The  lower  ceratohyal  ( c.liy '.)  is  about 
equal  to  the  upper  in  size,  and  the  hypohyal  ( h.liy .)  is  only  half  as  long,  but  broader  ; 
all  these  as  well  as  the  basal  piece  and  thyrohyals  ( b.h.b.r .,  t.hy.)  are  united  by 
joints,  mostly  with  a  perfect  joint-cavity.  The  “  annulus”  (Plate  21,  fig.  1,  a.hy.)  has 
all  its  irregular  bony  nodules  confluent  with  the  main  bar. 

On  the  Skull  of  the  Common  Mole  (Talpa  europsea). 

My  materials  for  working  out  this  type  have  been  very  copious  ;  my  work  links 
itself  on  to  that  of  Mr.  Walter  Heape  (Quart.  Journ.  of  Micr.  Sc.,  July,  1883),  to  whom 
I  am  indebted  for  some  of  my  best  specimens. 

These  materials  are  divisible  into  arbitrary  Stages,  as  follows  : — 

Stage  1. — Embryos  of  Mole,  f  of  an  inch  long ;  (this  and  the  next  were  measured 
round  the  curve  formed  by  their  head  and  body,  the  tail  not  being  reckoned ; 
the  rest  were  measured  first  from  snout  to  occiput,  and  then  from  occiput  to 
root  of  tail,  and  these  were  added  together  to  give  the  full  length,  of  course, 
excluding  the  tail). 

Stage  2. —  Embryos  of  Mole,  f  of  an  inch  long. 

Stage  3. — Embryos  of  Mole,  7f  and  8  lines  (twelfths  of  an  inch)  long. 

Stage  4. — Embryos  of  Mole,  §  and  f  of  an  inch  long. 

Stage  5. — Embryos  of  Mole,  1  inch  long. 

Stage  6. — Embryos  of  Mole,  If  inch  long. 

Stage  7. — Embryos  of  Mole,  If  inch  long. 

Stage  8.  — Ripe  young  of  Mole,  If  inch  long. 

Stage  9. — Young  Moles,  three  or  four  days  old ;  If  and  If  inch  long. 

Stage  10. — Young  Moles,  3  inches  long. 

Stage  11. — Young  Moles,  two-thirds  grown. 

Stage  12. — Young  Moles,  three-fourths  grown. 

Stage  13. — Adult  Moles. 

First  Stage. — Embryo  of  Mole,  \  inch  long. 

This  stage  (Plate  16,  fig.  1)  is,  here,  merely  studied  from  its  outer  aspects  ;  it  is 
very  profitable  for  comparison  with  the  corresponding  stage  in  other  Mammalia  and 
in  the  Vertebrata,  generally ;  it  is  nearly  half  as  long  as  a  similar  embryo  of  a  large 
Mammal  would  be. 

About  twenty-eight  somatomes  can  be  made  out ;  the  heart  is  still  seen  in  a  large 
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pouch  that  projects  from  the  ventral  aspect  of  the  embryo.  The  fore  limbs  are  large 
flat  buds  behind  the  middle  of  the  larviform  embryo,  and  the  hind  limbs  are  much 
smaller  and  are  curved  inwards  on  each  side  of  the  rudimentary  tail.  The  meso- 
cephalic  flexure  is  well  marked,  and  the  cerebral  vesicles  very  large ;  the  long, 
lobulate  hind-brain  is  covered  with  a  very  thin  layer  of  tissue.  The  pineal  elevation  is 
to  be  seen  between  the  fore-  and  mid-brain,  and  the  fronto-nasal  process  against  the 
former  vesicle.  Between  these  parts  the  notch  which  contains  the  rudimentary 
olfactory  organ  is  seen  ;  this  is  bounded,  above,  by  a  band  which  runs  into  the  large 
maxillo-palatine  lobe.  This  lobe  is  separated  by  a  sharp  notch,  the  oral  opening,  from 
the  rudimentary  mandible,  behind  which  is  the  hyoid  fold,  and  the  first  branchial  fold  ; 
these  are  separated  by  clefts. 

Over  the  maxillo-palatine  lobe  the  small  eye-ball  is  seen,  and  over  the  hyoman- 
dibular  cleft  the  oval  auditory  sac. 

Second  Stage. — Embryo  of  Mole,  ^  inch  long. 

I  have  had  sections'"'  made  of  the  embryos  at  this  stage ;  these  have  been  studied, 
but  not  figured,  as  the  tissues  of  the  skeleton  were  in  an  indifferent  state,  and  it  is  not 
part  of  my  plan,  as  a  rule,  to  give  histological  figures, 

The  external  form,  however,  in  this  stage  is  very  important  (Plate  16,  figs.  2-4),  as 
the  influence  of  heredity,  which  had  begun  to  show  itself  in  my  first  stage  (fig.  1),  in 
the  large  size  of  the  rudiments  of  the  fore  limbs,  is  here  very  evident  indeed. 

The  limbs  are  now,  evidently,  pentadactyle  ;  but  the  fore  limb  is  also  very  large, 
and  close  to  the  head. 

The  folds  of  the  outer  skin  are  now  perfecting  themselves,  we  see  the  eye-ball 
in  its  circular  setting,  the  external  meatus  of  the  ear  is  formed,  and  the  outer 
nostril,  with  its  rim  complete. 

Third  Stage, — Embryo  of  Mole,  7-|  and  8  lines  long. 

In  an  embryo  two-thirds  of  an  inch  long  (Plate  16,  fig.  5)  the  fingers  and  toes  are 
distinct,  and  the  small  pig-like  creature  has  got  a  distinct  circular  eyelid  ;  the  meatus 
externus  is  very  small,  and  encircled  with  a  fold,  and  the  nostrils  are  now  well 
fashioned. 

The  true  hyaline  cartilage  is  now  differentiated,  and  in  this  stage  I  shall  give  a 
description  of  the  sections  made  from  a  specimen  scarcely  two-thirds  of  an  inch 
(7-|  lines)  long.  The  dissected  figures  of  the  skull  of  the  next  stage  (f  inch  long, 
Plate  25,  figs.  2,  3)  will  serve,  like  a  ground-plan,  to  explain  both  the  sets  of  sections, 
namely,  those  of  the  same  stage,  and  those  of  this  earlier  embryo. 

From  about  200  exquisitely  sectioned  and  perfectly  stained  slices  of  this  small 

*  These  and  most  of  my  sections  were  made  for  me  by  my  son,  Professor  W.  N.  Parker  ;  those  of  the 
next  stage  were  made  by,  and  belong  to,  F.  Penrose,  Esq. 
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head — 3^-  lines  long — I  have  only  figured  twelve,  but  some  of  these  are  drawn  as 
separate  half  sections ;  they  were  somewhat  oblique. 

Section  1  (Plate  23,  fig.  1).- — This  is  close  to  the  hind  part  of  the  alinasal  region  ( al.n .), 
at  the  beginning  of  the  aliseptal.  The  nasopalatine  canal  is  open  below,  and  here, 
behind  the  narial  valves,  the  cavity  is  high  and  simple.  The  septum  nasi  and  alinasal 
folds  ( s.n .,  al.n.)  are  well  developed ;  the  thickness  of  the  former,  below,  is  due  to 
the  size  of  the  intertrabecula,  and  the  cartilaginous  walls  are  thickening  above  to 
form  the  nasal  turbinal,  and  below  to  form  the  inferior  turbinal. 

In  the  thick  mass  of  tissue  below  the  septum  the  recurrent  cartilages  ( rc.c .)  are 
seen,  they  are  placed  subvertically,  and  are  thick  above  and  thin  below  ;  outside  them 
Jacobson’s  organs  (j.o.)  are  shown,  and  inside  them  the  palatine  processes  of  the 
premaxillary  (p.px.). 

The  hind  part  of  each  premaxillary  ( px .)  is  cut  through  laterally,  there  are  two 
laminae  of  bone  meeting,  above,  at  an  acute  angle ;  below,  in  the  mucous  membrane, 
a  tooth-pulp  (p.)  is  shown  ;  the  nasals  (n.)  are  forming,  above. 

Sections  2  and  3  (Plate  23,  figs.  2  and  3). — These,  which  were  one  oblique  section, 
show,  on  the  deepest  side  (fig.  3),  the  remarkable  manner  in  which  the  rudimentary 
nasal  turbinal  ( n.tb .)  encloses  an  oval  space  ;  below  that  space  the  cartilage  grows 
inwards,  and  is  pedate  ;  this  is  the  inferior  turbinal.  Here,  inside  Jacobson’s  organs 
(j.o.),  the  recurrent  cartilages  (rc.c.)  are  thick  throughout,  and  the  little  vomerine 
bones  are  not  apparent.  The  maxillary  (mx.)  comes  into  the  section  here,  and  the 
nasals  (n.)  are  seen,  above.  In  this,  as  in  the  last,  mucous  crypts  are  seen  here  and 
there  between  the  lining  of  the  nose  and  the  cartilage  ;  the  whiskers  are  cut  through 
in  the  outer  skin,  and  a  tooth-pulp  is  shown  below. 

Sections  4  and  5  (Plate  23,  figs.  4  and  5). — These,  which  were  one  oblique  section, 
were  made  through  the  middle  of  the  eye-ball  (e.)  on  one  side,  and  on  both  through 
the  olfactory  lobes  (C14.).  It  also  takes  in  the  lower  face,  with  the  tongue  (tg.).  The 
mass  of  soft  tissue  under  the  olfactory  lobes  will  be  differentiated  into  the  cribriform 
plate,  the  olfactory  nerves  passing  through  its  meshes.  This  is  behind  the  roof  of 
the  nasal  labyrinth,  and  thus  the  septum,  here,  the  perpendicular  ethmoid  (p.e.),  has 
a  free  upper  edge —  the  region  of  the  crista  galli. 

In  the  side  which  is  the  foremost  part  (fig.  4),  the  nasal  wall  passes  a  little  over, 
above,  and  under,  below,  and  sends  inwards  a  large  plate  of  cartilage,  which  is 
bifurcated  and  very  thick  at  its  inner  part.  Here  we  have  the  rudimentary  middle 
turbinals  ( m.tb .).  The  same  is  seen  on  the  other,  or  hinder,  side,  but  above  ;  the 
section  is  near  the  orbitosphenoid,  or  fore  part  of  the  cartilaginous  cranium,  for  it  is 
continuous  with  the  nasal  labyrinth  (ale.)  ;  the  frontal  bone  (/'.)  is  seen  outside  it. 
Also,  below  the  bulbous  base  of  the  middle  ethmoid,  formed  here  of  all  the  three 
trabeculae,  the  hinder  forks  of  the  vomer  (v.)  are  to  be  seen  ;  whilst  below,  on  the 
palatine  ridge,  the  palatine  plate  of  the  palatines  (pa.)  is  cut  across.  Below,  outside 
the  base  of  the  tongue  (tg.),  the  dentary  (d.)  and  Meckel’s  cartilage  (ml.)  come  into 
view. 
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Section  6  (Plate  23,  fig.  6). — This  large  partial  section  is  through  the  back  of  the 
eye-balls  (e),  the  front  of  the  cerebral  hemispheres  (0la.),  and  the  hind  part  of  the 
nasal  labyrinth.  The  perpendicular  ethmoid  (p.e.)  is,  as  in  the  last,  a  wall  standing 
alone,  rounded,  but  thinnish  above,  thick  and  bulbous  below7 ;  at  present,  the  whole  roof 
of  the  labyrinth,  or  floor  of  the  cranial  cavity  at  that  part,  is  void  of  cartilage ;  there 
are  two  nasal  passages  (n.p.)  on  each  side,  and  between  them  the  rudimentary  middle 
turbinal  is  growing.  The  floor  of  cartilage  is  imperfect  below ;  the  wall  ( al.e )  passes 
into  the  orbitosphenoidal  lamina,  above,  and  there  is  a  fissure  more  than  half-way 
down.  The  raphe  formed  by  the  meeting  -together  of  the  right  and  left  palatal 
laminae  is  strengthened,  still,  by  the  palatine  plate  of  the  palatine  (pci.)  ;  a  wide, 
but  not  deep  passage  (n.p.c.)  is  seen  above  this  second  floor.  The  root  of  the  tongue- 
(tg.),  tooth-pulps,  and  the  dentary  bone  (cl.),  with  Meckel’s  cartilage  (mJc.)  inside  it, 
are  all  shown  in  the  lower  part  of  this  section. 

Section  7  (Plate  23,  fig.  7). — Here  the  cerebral  hemispheres  (Cla.)  are  large,  and  the 
wide  orbitosphenoids  (o.s.)  form  the  floor  of  the  cranial  cavity;  they  are  continuous 
with  the  presphenoidal  bar  ( p.s .),  which  is  oval,  with  the  long  diameter  transverse. 
The  wings  themselves  (o.s.)  are  thinner  and  then  thicker,  twice  over.  This  section  is 
diagnostic  of  a  Eutherian  skull ;  the  alisphenoid  (al.s.)  comes  into  the  same  section  with 
the  orbitosphenoid  (o.s.)  lying  outside  it,  and  the}7  have  the  Gasserian  ganglion  (Y.) 
between  them.  Here  the  pterygoid  bones  (pg.)  are  cut  across,  and  the  little  nodule 
of  cartilage,  which  becomes  the  pterygoid  ( pg.c .).  We  also  see  the  undiminished 
Meckelian  rod  (rnlc.)  with  the  growing  ramus  of  the  lower  jaw  (d.)  outside  it.  The 
large  nasopalatine  canal  is  constricted  in  the  middle,  and  has  the  ceratohyals  (c.hy.) 
in  section  below  it. 

Section  8  (Plate  23,  fig.  8). —  This  section  is  through  the  fore  part  of  the  basi- 
sphenoidal  bar  (b.s.),  close  behind  the  presphenoid  ;  here  it  has  been  formed  by  the  three 
trabecular  bars,  the  hind  part  of  the  intertrabecula  wedging  in  between  the  paired 
trabeculae. 

The  angle  of  the  orbitosphenoid  (os'.),  and  part  of  its  lower  hind  margin,  has  been 
cut  through  ;  this  latter  band  is,  however,  far  from  the  basal  beam  ;  it  lies  over  the  huge 
Gasserian  ganglion  (V.),  the  fore  part  of  which  is  here  seen  in  section  ;  this  mass  lies  on 
the  out-thrust  alisphenoid  (al.s.)  which  is  hollow  above,  and  has  a  thick  upper  edge. 
On  the  inside  of  each  alispthenoid  the  upper  part  of  the  corresponding  pterygoid  is 
cut  across,  and  below  the  alisphenoid  is  the  lower  jaw  or  dentary  (cl.)  developing 
outside  Meckel’s  cartilage  (mk.) ;  it  is  an  oblique  long  oval  tract,  hollow  in  the  inside 
where  the  rod  of  cartilage  lies.  The  wide  nasofaucial  passage  is  constricted  at  its 
middle  ;  below  it,  part  of  the  larynx  is  seen,  and  on  the  outside  the  ceratohyal  (c.hy). 

Section  9  (Plate  23,  fig.  1  2)3' — This  section  is  directly  in  front  of  the  pituitary  body 
and  sella  turcica  ;  and  here  the  alisphenoid  is  cut  across,  where  it  runs  near  the 

*  The  re-arrangement  of  most  of  these  figures  as  half- sections,  so  as  to  get  them  into  a  smaller  space, 
has  produced  some  confusion ;  the  figures  do  not  always  follow  in  regular  succession  on  the  Plates ;  but 
the  numbers  give  the  correct  order,  except  in  this  instance. 
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basisphenoid  ( b.o .),*  the  tympanic  wings  of  which  are  seen  as  projections,  below. 

A  small  tract  of  each  wing  is  seen  above  the  internal  carotid  {i.c )  entering 

the  skull,  and  the  orbitosphenoidal  band  (o.s'.)  is  also  seen  at  one-third  of  the  height 
of  the  side-wall.  The  inner  margin  of  the  huge  Gasserian  ganglion  (Y.) — here 
cut  across  its  middle — lies  in  the  bend  of  the  artery,  it  reaches  more  than  halfway 
outwards  and  upwards  to  the  orbitosphenoidal  band. 

The  angle  of  the  outer  mandible  {ran.)  is  cut  through,  and  below,  and  further 
inwards,  Meckel’s  cartilage  ( mk .). 

Over  Meckel’s  cartilage  the  curved  section  of  a  considerable  tube  is  seen,  and  also 
under  it  and  nearing  outwards  a  much  larger  space  ;  the  upper  cavity  is  the  beginning 
of  the  Eustachian  tube,  and  the  lower  the  tympanic  cavity.  Outside  the  latter 

a  patch  of  cartilage  is  shown  ;  this  is  part  of  the  meatus.  Under  the  inner 

edge  of  the  tympanic  cavity  the  epihyal  cartilage  (e.hy)  is  cut  oh  close  to  its  junction 
with  the  ceratoliyal  ;  and  towards  the  mid-line  the  bypohyal  {h.hy.)  is  severed  near 
the  larynx  {lx.),  part  of  the  cartilage  of  which  is  laid  bare. 

Sections  10  and  11  (Plate  23,  figs.  9  and  10). — These  two  half  sections  show  the 
pituitary  body  (py.)  above  and  in  front  of  the  ascending  postclinoid  cartilage,  in  the 
upper  surface  of  which  we  see  the  point  of  the  notochord.  The  auditory  capsules  {chi.) 
are  cut  across;  they  lie  a  considerable  distance  from  the  basisphenoid  {b.s.).  The 
orbitosphenoidal  band  (o.s.)  is  present  here,  it  soon  becomes  the  supra-auditory  crest. 
Over  the  auditory  capsules  the  Gasserian  ganglia  (Y.)  are  seen  cut  across  in  their  hind 
part,  and  below  them  the  geniculate  ganglia  (YIL). 

In  fig.  9,  the  tympanic  cavity  is  cut  across  ;  outside  and  below  it  the  meatus 
cartilage  is  shown.  The  small  upper  piece  is  outside  the  head  of  the  malleus  {ml.), t 
below  which  the  body  of  the  incus  is  seen,  whilst  its  long  crus  is  shown  as 
turning  inwards  towards  the  capsule  ;  the  fenestra  ovalis  is  cut  across  at  its  front 
margin  in  fig.  10,  but  the  stapes  is  massed. 

Section  12  (Plate  23,  fig.  11). — In  this  partial  section  we  see  the  basilar  artery  {b  a.) 
cut  across  obliquely  over  the  hind  part  of  the  basioccipital  {b.o.) ;  here  the  large  hind 
part  of  the  cochlea  {chi.)  touches  the  basisphenoid,  ready  to  coalesce  with  it.  The 
orbitosphenoidal  band  {o.s'.)  is  now  very  deep,  close  in  front  of  its  supra-auditory 
continuation. 

The  geniculate  ganglion  is  still  seen,  and  also  under  it  the  passage  in  the  top 
of  the  auditory  capsule  for  the  facial  nerve  (YII.),  which  enters  its  canal  at  this  place. 
The  outer  wall  of  the  auditory  capsule  is  deficient  in  two  places  here  ;  the  upper 
deficiency  is  partly  filled  up  by  the  base  of  the  stapes  (st.),  it  is  the  fenestra  ovalis  ; 
between  its  base  and  apex  the  stapedial  artery  {st.a.)  is  seen  as  it  passes  to  the  inside 
of  the  mandible.  The  other  space,  not  stopped  up  by  cartilage,  is  the  fenestra  rotunda  ; 
the  outer  part  of  the  capsule  with  its  tegminal  projection  ( t.ty .)  is  seen  external 

*  The  letters  of  reference  should  have  been  b.s.,  and  only  one  line  to  i.c. 
t  The  line  of  reference  to  the  figure  is  made  too  low  down. 

Y  2 


164 


MR.  W.  K.  PARKER  ON  THE  STRUCTURE  AND 


to  the  stapes,  and  the  epihyal  ( e.hy .)  growing  from  it ;  the  notochord  (nc.)  is 
compressed  in  the  middle  of  the  basal  cartilage. 

Section  13  (Plate  23,  fig.  13). — This  partial  section  is  near  the  last,  and  shows  actual 
fusion  of  the  capsule  with  the  basis  cranii  ( [b.o .),  and  the  inferior  position  of  the  noto¬ 
chord  ( nc .).  The  lateral  band  (o.s.)  is  not  yet  continuous  with  the  auditory  capsule, 
which  is,  here,  cut  through  at  the  meatus  internus.  The  tegmen  tympani  ( t.ty .),  is 
severed  near  part  where  the  short  crus  of  the  incus  is  articulated,  and  the  stapes  ( st .) 
is  cut  through  behind  the  middle,  so  that  the  stapedial  artery  has  been  removed. 
The  two  fenestras  have  a  convex  tract  of  the  Capsule  between  them. 

Section  14  (Plate  23,  fig.  14). — The  top  and  bottom  of  the  section  are  left  out,  and 
the  capsule  is  drawn  with  the  investing  basal  cartilage  (b.o.).  Under  this  sinuous 
thinnish  plate  of  cartilage  the  notochord  is  seen,  and  above  it  the  basilar  artery. 
The  crest  of  cartilage  is  now  the  supra-auditory,  and  the  recess  outside  it  at  its 
junction  with  the  capsule  will  be  filled  in  by  the  squamosal  bone.  The  tegmen 
tympani  is  cut  through  behind  the  incus  ;  but  the  fenestrse  ( fs.o .,  f.r.)  are  still  in 
view,  the  anterior  and  horizontal  canals  (a.s.c.,  h.s.c.)  are  also  seen. 

Section  15  (Plate  23,  fig.  15). — The  supra-auditory  cartilage  ( s.a.c .)  is  deficient 
below,  where  it  passes  into  the  supraoccipital.  From  the  great  obliquity  of  the 
capsule  we  still  have  the  semicircular  canals  ;  the  anterior  (a.s.c.)  and  the  horizontal 
(h.s.c.)  are  here  seen  to  be  imbedded  in  solid  cartilage ;  part  of  the  vestibule  is 
seen  below  and  within.  The  capsule  is  separated  by  a  considerable  space  from  the 
basal  cartilage  (b.o.),  which  is  thick  and  bracket-shaped ;  the  notochord  (n.c.)  has 
again  reached  the  upper  face  of  the  investing  mass  of  cartilage  ;  the  vagus  and  glosso¬ 
pharyngeal  nerves  (IX.,  X.)  escape  through  the  interspace,  right  and  left,  between  the 
capsules  and  the  basis  cranii;  the  foramen  for  the  hypoglossal  (XII .,  f.  condyloid  eum) 
has  been  laid  open.  These  sections  of  the  newly  chondrified  skull  will  be  better 
understood  after  I  have  described  the  next  series. 

Third  Stage  (continued). — Dissection  of  the  visceral  arches  of  an  embryo  Mole; 

•f  inch  long. 

An  inner  view  of  these  parts,  in  connexion  with  the  auditory  capsule,  is  shown  as 
drawn  from  an  outspread  preparation ;  the  osteoblastic  tracts  had  been  removed  from 
Meckel’s  cartilage  (Plate  28,  fig.  1).  The  part  of  the  capsule  containing  the  semi¬ 
circular  canals  (a.s.c.,  h.s.c-.,  p.s.c.)  is  in  its  natural  relation  to  the  arches,  and  shows 
their  extreme  obliquity.  The  capsule  is  cut  awmy  so  as  to  show  the  base  of  the  stapes 
(st.)  in  the  fenestra  ovalis.  That  part  of  the  hyoid  arch  which  corresponds  to  the 
epibranclrial — the  epihyal  (e.hy.) — is  seen  to  be  outside  the  stapes,  and  to  be  con¬ 
fluent  with  the  capsule  a  little  above  the  insertion  of  the  head  of  the  pharyngohyal 
(stapes).  The  junction  of  the  inturned  end  of  the  long  crus  of  the  incus  (l.c.i.)  is 
from  the  eye  in  the  figure,  and  is  hidden  by  the  base  of  the  stapes,  the  perforated 
stem  of  which  is  at  a  right  angle  to  that  part  of  the  incus.  Looking  upon  the  short 
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crus  of  the  incus  ( s.c.i .)  as  the  morphological  equivalent  of  the  “  otic  process  ”  of  the 
quadrate  of  a  Bird,  Reptile,  or  Amphibian,  and  remembering  that  the  “  orbital 
process  ”  is  suppressed  in  this  Mammalian  suspensorium,  we  see  by  this  figure  that 
the  incus  is  well  in  front  of  the  auditory  capsule.  Indeed,  it  is  as  definitely  in  front  as 
in  the  embryo  of  any  of  the  Sauropsida,  in  some  of  which  the  otic  process,  ulti¬ 
mately,  runs  backwards  to  be  articulated  with  the  fore  edge  of  the  occipital  arch, 
beyond  the  auditory  capsule,  altogether. 

The  body  of  the  incus  (i.),  as  well  as  its  two  crura,  is  already  of  the  normal  shape, 
and  so  also  is  the  malleal  portion  of  the  primary  mandible,  with  its  bulbous  head,  and 
its  large,  forwardly-turned  manubrium  (ml.,  mb.).  The  large,  terete,  sigmoid  Meckelian 
rod  (ink.),  after  uniting  with  its  fellow  of  the  opposite  side,  runs  into  a  basimandibular 
spike  ( b.mn .). 

Here,  normally  for  a  Mammalian  hyoid  arch,  but  not  for  a  branchial  arch,  as  such, 
there  are  three  segments  below  the  flat,  rounded  epihyal  ( e.hy .),  which  is  not  united 
with  its  own  uppermost  segment,  but  with  the  auditory  capsule.  Nor  is  it  united 
with  the  next  segment,  or  upper  ceratohyal  ( c.liy .),  by  cartilage,  for  that  next  lower 
piece  is  fibrous  above. 

The  two  next  segments  are  the  straight  lower  ceratohyal  (c.liy.),  and  the  curved 
hypohyal  (h.hy.) ;  this  is  the  stoutest  of  all  the  segments.  The  common  rudiment  of 
the  basihyal,  basibrancliial,  and  first  hypobranchiais  (b.h.br.,  t.hy.),  is  a  stout,  well- 
formed  U -shaped  piece,  with  the  front  edge  of  which  the  two  hypohyals  are  articu¬ 
lated.  Over  the  tympanic  cleft,  the  tympanic  annulus  (a.ty.)  is  seen,  formed  of  a 
crescent  of  tender  bone  round  the  membrana  tvmpani  (m.ty.). 

Fourth  Stage. — Skull  of  embryo  of  Mole ;  f  and  -f  of  an  inch  long. 

Dissection  of  the  chondro cranium  of  an  embryo  Mole,  §  inch  long. 

The  basal  view  of  this  skull  (Plate  25,  fig.  2)  shows  the  distinctness  of  the  olfactory 
and  auditory  sense-capsules  from  the  cranium  proper,  and  the  upper  view  (fig.  3) 
displays  the  large  amount  of  cartilaginous  “  tegmen,”  in  spite  of  the  cruciform 
fontanelle.  The  general  outline  of  the  skull  is  pyriform,  the  narrow  nasal  end  being 
the  stalk  ;  this  is  dilated,  in  front,  over  the  inferior  external  nostrils  (e.n. ) ,  and  again 
where  the  alinasal  region  (al.n.)  ends,  opening  below  at  the  beginning  of  the  aliseptal 
region  (al.sjp.),  where  the  inferior  turbinals  (i.tb.)  are  given  off.  At  its  middle  the 
nasal  labyrinth  swells  out,  suddenly,  so  that  it  is  itself  pyriform,  and  ends  in  front 
of  the  orbitosphenoid  (o.s.)  in  a  large  and  somewhat  bilobate  cushion ;  the  right  and 
left  masses  are  separated  by  the  perpendicular  ethmoid  (p.e.)  which  passes  into  the 
septum  nasi  (s.n.).  The  long  alinasal  region  is  closed  belowT,  except  at  the  sides, 
in  front ;  and  the  hinder  fourth  of  the  main  labyrinth  is  also  perfectly  floored  with 
cartilage.  The  open  space  between  these  two  floored  regions  is  largely  filled  up  by 
the  huge  recurrent  lobes  (rc.c.)  which  support  Jacobson’s  organs ;  these  tongue-like 
tracts  are  three- fourths  the  length  of  the  long  open  space,  and  are  themselves  supported 
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on  their  inner  face  by  the  anterior  paired  vomers,  which  are  very  slightly  separated 
from  the  palatine  processes  of  the  premaxillaries  (p.px.)  ;  the  whole  of  these  bony 
tracts  has  been  figured  here,  in  situ.  In  the  dilated  front  end  of  the  lower  opening 
the  inferior  turbinals  ( i.tb .)  are  seen,  and  the  folds  of  the  middle  turbinal  ( m.tb .)  in 
the  hinder  rounded  space.  Where  the  floor  turns  inwards  and  upwards  towards  the 
septum  (p.e.,  s.n.),  there  it  gives  off  a  spike  of  cartilage  which  nearly  reaches  the 
recurrent  lobe ;  this  spike  is  the  precurrent  cartilage.  The  line  of  junction  of 
the  proper  cranium  with  the  nasal  labyrinth  (o.s.,  al.e.)  is  quite  visible  ;  the  orbito- 
sphenoidal  region  of  the  cranial  wTall  and  roof  is  very  wide,  and  has  a  convex  outer 
face.  The  stem  of  each  tract  is  narrow,  and  becomes,  after  ossification,  the  permanent, 
small  orbitosphenoid.  Each  band  winds  round  behind  the  corresponding  lobe  of 
nasal  labyrinth,  and  is  not  flush  with  it,  below  ;  the  two  bands  are  continuous  with 
the  presphenoidal  region  of  the  prepituitary  basal  beam. 

That  beam  is  thickest  where  these  bands  join  it ;  it  is  mainly  formed  of  the  inter- 
trabecula,  for  the  paired  trabeculae  are  flattened  against  the  median  part,  and  then 
cease  between  the  hinder  part  of  the  right  and  left  nasal  floors.  The  chink  between 
the  convex  hinder  edge  of  the  orbitosphenoidal  stem  (o.s.)  and  the  concave  edge  of 
the  ali sphenoidal  lobe  (al.s.)  is  ear-shaped  and  curves  backwards,  and  is  large  and 
round  against  the  basal  beam  ;  this  is  the  large  sphenoidal  fissure  for  the  ophthalmic 
and  orbital  nerves  (V1.).  The  small  optic  foramen  is  oblique,  and  is  hidden  in  this 
view  by  the  aiisphenoid  (see  fig.  3,  II.).  The  basal  cartilage  is  very  narrow  between 
the  orbito-  and  alisphenoids,  and  then  expands  suddenly,  to  remain  wide  to  the  end 
of  the  skull.  Here,  as  in  all  typical  Insectivores,  the  basis  cranii  in  the  early  skull 
is  extremely  wide,  ready  to  become  pneumatic  in  relation  to  the  auditory  function. 
Even  where  the  large  cochlese  (clil.)  push  their  coils  right  and  left  against  the  basi- 
sphenoidal,  at  its  junction  with  the  basioccipital,  region,  it  is  still  nearly  four  times 
as  broad  as  at  the  point  where  the  presphenoid  and  basi sphenoid  meet. 

The  stem  of  each  aiisphenoid  scarcely  becomes  pinched  in,  but  its  margins  are  both 
concave,  having  the  emerging  orbital  nerves  in  front  of  it  and  the  swelling  cochlea 
behind.  Just  where  the  latter  concavity  is  seen,  there  the  sub-basal  cartilage  swells 
out  into  a  mammillate  mass,  which  looks  outwards  and  forwards,  reaching  three- 
fourths  of  the  distance  to  the  sphenoidal  fissure.  These  solid  masses,  which  look  like 
the  basipterygoids  of  a  Lizard  or  Bird,  are  the  chondrocrania]  form  of  the  “  tympanic 
wings  ;  ”  when  ossified,  they  become  pneumatic. 

The  alisphenoids  (al.s.)  are  very  remarkable  :  their  broadest  part  is  proximal,  but 
they  dilate  again  at  their  outer,  free  edge,  after  becoming  narrowed  in  by  one-fourth  at 
their  middle.  Their  front  margin,  which  helps  to  form  the  sphenoidal  fissure,  is 
concave,  and  their  postero-external  edge  is  cut  away,  so  to  speak,  by  the  large 
pupiform  cochlese  (chi.),  around  which  the  posterior  edge  of  the  aiisphenoid  is  carefully 
bound.  The  hind  margin  is  a  large  right-angled  notch  ;  the  outer  edge  is  sinuous, 
rounded,  and  looks  forwards  and  inwards  ;  all  this  outer  part  is  swollen,  but  perforated. 
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equidistantly,  in  two  places,  by  the  2nd  and  3rd  branches  of  the  5  th  nerve,  thus 
forming  the  foramen  rotundum,  and  foramen  ovale  (V2.,  V3.).  The  thick  semicircular 
inner  margin  of  this  outer  lobulated  part  stands  off  from  the  main  plate,  and  the 
whole  of  the  outer  part  lies  below,  free  of,  and  at  a  distance  from,  the  orbitosphenoid, 
which  it  overlaps  considerably.  This  very  diagnostic  Mammalian  alisphenoid  is 
followed,  postero-externally,  by  a  large  fenestra,  a  space  totally  devoid  of  cartilage, 
but  which  is  being  filled  up  by  the  squamosal  bone  ;  it  is  the  upper  part  of  the 
tympanic  space,  and  is  traversed  by  the  ossicula  auditus.  Round  it,  like  a  bow,  the 
orbitosphenoidal  band  ( o.s '.)  is  bent,  passing,  behind  and  above,  into  the  supra-auditory 
cartilage  ( s.a.c .);  below',  this  band  forms  the  fore  part  of  the  tegmen  tympani,  and  the 
incus  articulates,  by  its  short  crus,  at  the  junction  of  this  lateral  band  with  the 
auditory  capsule.  These  capsules,  in  their  basicranial  setting,  are  very  elegant 
structures ;  they  stretch  from  the  tympanic  lobes  of  the  basisphenoid,  antero- 
internally,  to  the  feebly  -  expressed  paroccipital  ridge,  right  and  left,  postero- 
externally.  The  cochleae  (chi.)  show  their  three  coils,  and  the  fenestrse  rotundse  (/.r.) ; 
these  are  very  large,  and  well  seen  from  below. 

The  fenestra  vestibuli  is  closed  by  the  stapes  (st.),  a  small  irregular  ring  of  cartilage. 
Up  to  the  passage  for  the  9th  and  10th  nerves  (IX.,  X.)  the  capsule  is  very  distinct 
from  the  chondrocranium,  but  in  the  mastoid  region  below  the  semicircular  canals,  and 
where  the  posterior  canal  is  imbedded,  there  is  more  or  less  fusion  of  these  parts 
The  very  large  relative  size  of  the  occipital  arch  reminds  one,  at  once,  of  that  of  the 
Echidna;  here  the  chondrocranium  is  as  complete  as  in  the  Skate. 

The  notochord  ( nc .)  is  seen  from  below,  up  to  the  point  where  it  rises  into  the  post- 
clinoid  wall  (see  fig.  3,  nc.,  p.cl.),  in  which  the  proper,  primary  axis  of  the  animal  ends, 
and  beyond  which  everything  is  of  the  nature  of  an  outgrowth.'" 

An  elegant  narrow  waist  is  formed  to  the  basis  cranii  by  the  pressure  of  the  large 
cochleae  ;  behind  this  part  the  parachordal  tract  expands  sinuously,  and  runs  upwards 
into  the  side  walls.  The  whole  hind  part  is  very  smoothly  rounded,  and  the  condyles 
(oc.c.)  are  very  flat,  and  have  a  sulcus  across  them  ;  the  foramen  magnum  ( f.m .)  is 
very  large ;  the  f.  condyloideum  (XII.)  is  small  and  far  outwards,  near  the  concave 
edge  of  the  arch. 

The  upper  view  (Plate  25,  fig.  3)  shows  the  roof  of  the  nasal  labyrinth,  with  its 
long  fore  part,  and  its  lateral  lobular  expansions  right  and  left  of  the  deep,  multi- 
perforate  rhinencephalic  recess  ( cr.p .).  The  crested  intertrabecula,  at  its  junction 
with  the  hind  part  of  the  nasal  roofs,  above,  shows  a  small  crista  galli  ( cr.cj .) ;  the  wall 
below  this  part  is  thin  above  ;  it  is  the  top  of  the  perpendicular  ethmoid  (p.e.),  which 
widens,  gently,  to  pass  into  the  presphenoid  ( p.s .).  The  narrow,  backwardly-curved 

*  There  are  two  ways  of  looking  at  the  prochordal  tracts  of  the  skull — the  trabeculae  and  inter- 
trabecula  ;  some  see  in  these  parts  a  highly  modified,  first  visceral  arch ;  I  confess  that,  at  present,  they 
merely  seem  to  be  oagrowths  of  the  proper  axis  to  finish  the  new,  highly  expanded  fore  part  of  the  skull ; 
made  necessary,  in  the  Yertebrata,  by  the  great  expansion,  even  in  the  lowest  kinds,  of  the  neural  axis. 
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stems  of  the  orbitosphenoids  (o.s.)  show  their  optic  perforations  (II.),  close  behind 
the  outer  margins  of  the  cribriform  plate  ;  thence  the  cartilage  expands  rapidly, 
and  curves  over  the  sides  of  the  roof  as  far  inwards  for  some  distance  as  the 
lateral  ethmoidal  lobes  ( ciJ.e .)  ;  the  line  of  union  between  these  parts  is  still  visible. 
Narrowing  from  before  backwards,  and  bowing  outwards,  the  cartilage  runs  so  as  to 
become,  first,  the  supra-auditory  ( s.a.c .),  and  then  the  supraoccipital  region  ( s.o .) 

The  neat,  rounded  selvedge  of  this  cranial  wall  and  roof  (tegmen  cranii)  forms  the 
outline  of  a  huge  cruciform  upper  fontanelle,  through  which,  the  membrane  being 
removed,  we  see  the  floor  of  the  cranial  cavity.  Much  of  what  has  been  described  in 
the  lower  view  is  seen  here  from  its  upper  face,  but  the  low  postclinoid  wall  ( p.cl .) 
and  the  large  multiperforate  meatus  internus  (VII.,  VIII.)  are  only  to  be  seen  on  this 
face.  Also  the  general  smoothness  of  the  gently  concave  inner  surface  of  the 
chondrocranium  is  to  be  noted,  and,  over  the  top,  the  manner  in  which  the  supra- 
auditory  part  of  the  tegmen  cranii  flanks  the  fore  edge  of  the  occipital  roof  (s.o.),  a 
sulcus  marking  the  distinct  regions. 

Fourth  Stage  (continued). —  Visceral  arches  of  the  skull  of  an  embrgo  Mole;  j  inch  long. 

A  somewhat  more  advanced  embryo  than  the  last  yielded  me  a  very  important 
stage  in  the  development  of  the  visceral  arches.  The  deep  and  the  superficial  jaw 
are  shown  in  relation,  with  the  hinge-piece  (incus)  attached  to  the  fore  part  of  the 
auditory  capsule.  In  this  inner  view  (Plate  28,  fig.  2)  the  ampullae  of  the  anterior 
and  horizontal  canals  ( a.s.c .,  h.s.c .)  are  laid  bare,  and  the  short  crus  of  the  incus  (i.) 
is  seen  to  be  attached  close  in  front  of  these  parts  of  the  membranous  labyrinth ;  that 
process  is  very  short  and  obliquely  attached  ;  and  in  this  shortness  and  obliquity 
it  shows  an  intermediate  stage  between  the  normal  Mammalian  incus,  on  one  hand, 
and  the  curiously  arrested  incus  of  a  Monotreme,  on  the  other.  The  long  crus, 
however,  is  well  developed,  and  is  articulated  by  its  inturned  discoidal  end,  with  the 
head  of  the  stapes  ( st .),  the  base  of  which  is  turned  towards  the  eye.  The  malleal 
end  of  the  deep  mandible  is  well  developed,  and  the  fore-turned  internal  angular 
process  lies  in  the  centre  of  a  thick  cushion  of  soft  stroma — the  future  membrana 
tympani  (m.ty.).  This  is  partly  enclosed  by  a  delicate  lunule  of  bone,  the  annulus 
tympanicus  (a.ty.).  The  posterior  angular  process  of  the  malleus  is  almost  suppressed. 
The  main  part  of  Meckel’s  rod  (mk.)  is  evenly  terete  and  sinuous,  but  it  is  largest 
near  the  head,  and  near  the  distal  end  ;  there  it  is  continued  into  a  median  process,  the 
basimandibular  ( b.mn .),  into  which  both  the  rods  end.  The  only  bony  matter  in  this 
primary  mandible,  as  yet,  is  a  short  ring,  or  shaft,  close  behind  the  thick  part,  close  to  the 
median  rod.  Morphologically  speaking,  this  is  a  hypobrauchial  bony  segment.  Outside 
all  but  the  malleal  portion  there  is,  already,  a  well-formed  superficial  jaw,  bony  in  front 
and  cartilaginous  behind,  and  having  a  groove,  on  its  inside,  between  its  condyloid 
and  angular  processes  (cd.p.,  ag.p. )  for  the  descending  Meckelian  rod,  the  bony 
matter  (cl.)  beginning  to  run  up  the  unciform  coronoid  process  (c.p.).  Here,  if  there 
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were  a  coronoid  bone,  like  that  of  a  Reptile,  this  postero-superior  part  of  the  dentary 
would  be  distinct.  The  inner  alveolar  plate  corresponds  to  the  splenial  bone ;  an 
angulare,  a  supra-angulare,  or  an  articulare  would  have  to  be  sought  for  on  the  malleal 
part  of  the  deep  or  primary  mandible. 

The  stapes  (st.)  was  dislocated  out  of  the  fenestra  ovalis  in  making  this  preparation. 
I  did  not  figure  the  rest  of  the  hyoid  arch. 

Fourth  Stage  (continued). — A  series  of  vertically -transverse  sections  of  the  head  of  an 
embryo  Mole ,  f  inch  long  from  snout  to  root  of  tail. 

During  the  time  that  the  embryo  of  the  Mole  grows  from  15  mm.  to  18  mm.,  the 
tissues  gain  much  increase  of  solidity ;  this  is,  indeed,  the  best  stage  for  studying  the 
structure  and  relations  of  the  chondrocranium,  and  the  superficial  bony  plates  which 
it  draws  to  itself  for  increase  of  strength. 

The  long  snout  (see  Plate  25,  figs.  2,  3)  admits  of  being  sectioned  into  a  large 
number  of  slices  ;  I  have,  however,  only  figured  a  moderate  percentage  of  those  that 
were  made  in  this  case  (Plate  23,  figs.  16-19),  which  was  an  embryo  of  the  same  size 
as  that  which  was  dissected  to  show  the  chondrocranium  (Plate  25,  figs.  2  and  3). 

The  1st  Section  (Plate  23,  fig.  16)  is  in  front  of  the  outer  nostrils  ;  here  the  upper 
part  of  the  section  is  the  narrower  ;  the  lower  is  the  narrow  part  further  back.  Here 
the  septum  nasi  ( s.n .)  is  perfect,  and  is  dilated  both  above  and  below ;  the  alre  ( al.n .) 
are  thick  above,  turn  inwards  below,  and  the  thick  growth  below  turns  upwards. 
Part  of  the  folded  part  below  is  so  curled  round  as  to  appear  in  this  section  as  a 
distinct  segment. 

2nd  Section  (Plate  23,  fig.  17). — This  is  close  to  the  nostrils,  and  the  nasal  passages 
are  seen  projecting  outwards,  right  and  left.  The  septum  nasi  (s.n.)  is  thinnest  at 
this  part,  and  here  the  alse  nasi  (al.n.)  turn  inwards  abruptly,  whilst  the  folds  that 
form  the  floor  (nf)  are  reaching  further  upwards. 

3 rd  Section  (Plate  23,  fig.  18). — Here  the  narial  tubes  are  surrounded  by  cartilage, 
for  the  floor  has  reached  the  roof  (nf,  al.n.),  and  now  the  septum  (s.n.)  is  very  thick 
above,  and  of  considerable  thickness  below  the  most  dilated  part. 

Ath  Section  (Plate  23,  fig  19). — Here  the  roof  and  floor  are  confluent  at  the  sides, 
and  in  this  section  it  is  seen  that  the  floor  has  turned  inwards  so  as  to  project,  laterally, 
by  its  proper  end,  into  the  nasal  passage,  the  fold  uniting  with  the  dilated  septum 
(s.n.) — or  intertrabecula — by  its  upper  face. 

Here  the  mandibles  are  cut  across  in  their  fore  part,  and  the  basimandibular  rod 
(b.mn.)  unites  the  two  Meckelian  rods  (mk.). 

5th  Section  (Plate  23,  fig.  20). — -This  is  behind  the  snout,  in  the  front  part  of  the 
proper  nasal  labyrinth,  which  is  now  open  below.  Here  the  nasal  septum  is  seen 
to  be  merely  the  round  intertrabecula — like  that  of  an  embryo  Bird — with  the  nasal 
roofs,  however,  united  to  it.  The  only  remnant  of  the  floor,  so  large  and  perfect  in  the 
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last  section,  is  a  retral  tract  of  cartilage,  convex  on  the  inner  face,  where  it  touches  the 
septum,  and  concave  externally;  this  is  the  “ recurrent  cartilage”  ( rc.c .)  developed 
for  the  support  of  Jacobson’s  organ.  Here  the  upper  lips  are  seen,  and  have  a  hollow 
palatine  part  between  them  ;  below,  the  Meckelian  rods  (ink.),  are  distinct  in  the  mass 
of  the  lower  jaw,  over  which  the  tip  of  the  tongue  is  seen.  The  pulps  of  the  whiskers 
( vibrissce )  are  cut  through  in  the  outer  thick  skin. 

6tli  Section  (Plate  23,  fig.  21). — PXere  the  septum  nasi  is  deeper,  and  the  bulbous 
part  less ;  the  aliseptal  folds  ( al.sp .)  turn  inwards  below ;  the  inturned  part  is  the 
rudiment  of  the  inferior  turbinal.  The  recurrent  cartilage  (rc.c.)  was  tubular  between 
this  and  the  last  section ;  but  it  is  now  open  again  to  the  end ;  here  it  has  Jacobson’s 
organ  (j.o.)  in  its  concavity.  The  pulp  of  an  incisor  is  seen,  and  Meckel’s  cartilages 
are  getting  some  distance  apart. 

7th  Section  (Plate  23,  fig.  22). — This  is  a  remarkable  section,  and  very  instructive. 
It  is  behind  Jacobson’s  organs  and  cartilages,  and  is  seen  to  be  girdled  with  bony 
tracts — the  nasals  (n.)  and  maxillaries  (mx.),  with  them  palatine  plates;  the  base  of 
the  deep  septum  (s.n.)  also  is  supported  by  the  main  vomer  (v.).  The  septum  becomes 
thin  above,  as  it  passes  into  the  broad  and  solid  nasal  roof  (al.sp.),  which  is  convex 
right  and  left  and  in  the  middle.  The  wall  as  it  becomes  floor  turns  inwards  to  form 
the  pedate  rudiment  of  the  inferior  turbinal,  which  projects  upwards  so  as  to  lessen 
the  nasal  passage  below.  Below  each  shallow  valley  on  the  roof,  a  large  lamina  of 
cartilage  grows  downwards  and  a  little  outwards,  dividing  the  nasal  passage  into  a 
larger  inner,  and  a  lesser  outer,  space,  both  sub  vertical  and  somewhat  pinched  in  at 
the  middle. 

This  is  the  “  nasal  turbinal  ”  ( n.tb .),  which  for  a  short  distance,  fore  and  aft,  and  for 
a  short  time  during  development,  forms  a  complete  secondary  nasal  septum  on  each 
side  of  the  septum  proper  (s.n.). 

8th  Section  (Plate  23,  fig.  23). — This  is  immediately  in  front  of  the  olfactory  fossae, 
and  through  the  fore  part  of  the  eye-balls  (e.) ;  this  is  the  widest  paid  of  the  complete 
nasal  labyrinth.  The  septum  is  now  perpendicular  ethmoid  (p.e.),  and  the  roof  is  in 
the  aliethmoidal  region.  The  maxillary  (mx.)  is  cut  through  close  in  front  of  the 
orbit,  and  again  in  the  palatal  region,  right  and  left  of  which  there  is  a  tooth-pulp  (t.). 
The  vomer  (v.)  is  cut  through  its  middle,  and  over  it  the  deep  septum  (p.e.)  thickens 
twice  ;  it  also  grows  so  as  to  lift  the  roof  over  it  into  a  low  rounded  ridge.  Inside, 
near  the  septum,  and  at  the  upper  part  of  the  wall,  there  are  small  rudiments  of  the 
upper  turbinal  folds  (u.tb.),  and  half  way  down  the  wall  grows  inwards  as  a  large  mass 
of  cartilage,  pedate  in  section  ;  this  is  the  common  rudiment  of  the  middle  turbinal 
folds  ( m.tb .).  The  floor  is  cut  through  behind  the  inferior  (properly  anterior )  turbinal, 
it  ends  far  from  the  mid-line.  Below,  the  dentary  (d.)  is  cut  through  ;  over  it,  outside, 
is  a  tooth-pulp,  and  further  inwards  Meckel’s  cartilage  (mk.) ;  the  tongue  (tg.)  is  now 
developing  its  -freeman.  The  palatine  plate  of  the  palatine  begins  to  be  seen  in  section. 

9th  Section  (Plate  23,  fig.  24). — The  olfactory  lobes  (CP)  are  cut  through  the 
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middle  in  this  section,  and  also  the  eye-halls  (■ e ).  Here  we  have  apparently  an  open 
floor  to  the  brain,  which  is  the  roof  to  the  nasal  labyrinth,  for  the  cribriform  plate  is  not 
yet  chondrified.  The  solid  septum  (p>-e.)  is  still  convex  in  two  places,  it  stands  quite  by 
itself  in  the  section,  for  the  lateral  ethmoidal  structures  at  this  part,  are  far  from 
it,  right  and  left ;  it  is  supported,  below,  by  the  vomer.  There  is  still  a  small 
upper  turbinal  rudiment,  and  the  middle  turbinal  ( m.tb .)  is  in  two  folds  ;  the  floor 
is  strong,  it  is  still  at  a  great  distance  from  the  mid -line.  Over  the  eye  (e.)  the 
frontal  (f.)  is  seen,  and  the  maxillary  palatine  plates,  those  of  the  palatines,  and  the 
jugal  bones  ( pa. ,  j. )  are  seen  in  the  roof  and  sides  of  the  mouth.  The  tongue  (tg.)  is  cut 
through  its  middle  ;  and  the  lower  jaw  is  seen  as  a  cruciform  section  of  the  dentary  (cl.) 
holding  a  tooth-pulp  (t.)  above,  and  Meckel’s  cartilage  (mk. )  below. 

10 th  Section  (Plate  23,  fig.  25). — The  cribriform  plate  (cr.p.)  is  here  a  large 
membranous  tract,  right  and  left,  hollow  above  and  convex  below. 

The  perpendicular  ethmoid  (p.e.)  has  lost  one-third  of  its  height,  and  is  much 
thinner  above ;  the  floor  (n.f.)  has  now  reached  it,  and  each  plate  articulates  with 
its  bulbous  base.  The  wall  and  the  last  fold  of  the  middle  turbinal  (m.tb.)  are 
thick  plates,  free  above,  and  having  their  concave  faces  looking  towards  each  other ; 
the  nasal  canal  is  thus  subdivided  into  two  passages,  the  outer  oval,  and  the  inner 
unciform,  in  section.  Another  cartilage  has  appeared  above  the  low  wall,  and  at  a  short 
distance  from  it;  this  is  the  orbitosphenoid  (o.s.) ;  it  is  thicker  below  than  above, 
and  convex  outside ;  at  a  small  distance  outside  it  a  much  larger  part  of  solid  tissue  is 
cut  through,  this  is  the  frontal  ( f ),  which,  however,  only  forms  a  wall — not  a  roof — - 
to  the  huge  hemisphere  (CP).  The  vomer  (v.)  is  still  seen  in  section,  and  the  palatines 
(pa.),  with  it,  almost  complete  the  fence  round  the  bilobate  nasopalatine  passage. 
Below,  the  dentary  (cl.)  is  thickening  over  Meckel’s  cartilage  (mk.). 

11  th  Section  (Plate  24,  fig.  1). — This  section  is  through  the  hind  part  of  the  nasal 
labyrinth,  and  the  nasal  passage  (n.p.),  right  and  left,  is  single,  large,  and  heart-shaped. 
This  is  the  last  section  through  the  membranous  cribriform  plate  (cr.p.),  and  tire 
perpendicular  ethmoid  (p.e.)  is  but  little  above  half  its  original  height ;  the  nasal  wall, 
being  cut  through  obliquely  to  its  plane,  looks  extremely  thick.  The  ascending  floor 
is  still  articulated  with  the  bulbous  middle  wall.  Here  the  orbitosphenoid  (o.s.)  is 
larger,  and  is  sharp  both  above  and  below  ;  it  almost  reaches  the  nasal  wall.  The 
frontals  (f.),  the  palatine  (p.),  and  the  forks  of  the  vomer  (v.)  are  seen  in  section ; 
also  Meckel’s  cartilage  (mk.),  and  the  dentary  (cl.)  below. 

12 th  Section  (Plate  24,  fig.  3). — This  and  the  next  section  have  been  accidentally 
transposed :  the  back  wrnll  of  the  nasal  labyrinth  is  here  seen  and  the  fore  part  of 
the  Gasserian  ganglion  (V.). 

This  part  shows  a  very  deep  orbitosphenoid  (o.s.),  resting  by  its  thick  base  upon  a 
cartilaginous  fold  growing  out  from  the  back  of  the  nasal  labyrinth  ;  although 
the  orbitosphenoid  (o.s.)  was  cut  through,  the  small  optic  foramen  was  caught 
in  this  section,  The  presphenoid  ( p.s .)  is  almost  trilobate,  and  is  composed  of  the 
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three  trabecular  bars — the  trabeculae  right  and  left,  and  the  intertrabecula  above, 
the  fore  edge  of  the  alisphenoid  is  not  yet  reached,  but  the  fore  part  of  the  Gasserian 
ganglion  (V.)  is  shown.  On  the  side  of  the  wide,  oblong  nasopalatine  canal  (n.p.) 
the  pterygoid  bone  and  cartilage  {jpg.,  pg.c.)  are  cuf  across>  and  below  we  have  still 
the  dentary  with  Meckel’s  cartilage  ( mk .),  and  also  with  the  superficial  cartilage  that 
forms  the  condyloid  and  angular  regions  ;  the  ceratohyals  (c.hy)  are  also  seen  in  this 
section. 

13 th  Section  (Plate  24,  fig.  2). — This  partial  section  shows  the  orbitosphenoid  (o.s.) 
in  two  parts,  the  postero-superior  band,  and  the  hind  margin  of  the  stem  ;  the  basal 
part  (p.s.)  is  fusiform.  Below  the  stem  of  the  orbitosphenoid,  at  a  considerable 
distance,  the  alisphenoid  ( al.s .)  is  seen  as  a  thickish  plate,  curved  downwards,  and 
beaded  at  its  outer  edge.  Its  concavity  makes  a  nest  for  the  large  Gasserian  ganglion 
(V.),  which  is  protected  above  by  the  orbitosphenoid.  Two  thick  rods  of  cartilage 
are  cut  through  between  the  alisphenoids,  one  on  each  side  of  the  broad  nasopalatine 
passage,  they  turn  inwards  and  downwards,  and  are  capped  with  a  film  of  bone 
above,  these  are  the  pterygoid  cartilages,  with  the  growing  pterygoid  bones  (see 
fig.  3),  Below  we  see  the  mandible  as  one  large  folded  tract  of  bone  (d.)  embracing 
three  cartilages ;  the  middle  of  these  is  the  Meckelian  rod  ( mk .),  the  others  are  the 
condyloid  and  angular  parts  of  the  superficial  slab.  Below7  the  oral  cavity  (in.)  the 
ceratohyals  {c.hy.)  are  seen. 

14 th  Section  (Plate  23,  fig.  4). — Here  the  same  parts  are  better  seen,  than  in  the 
last,  in  a  more  symmetrical  figure. 

15th  Section  (Plate  24,  fig.  5).— Here  only  the  posterior  band  of  the  orbitosphenoid 
{o.s.)  is  seen,  for  the  basal  part  ( b.s .)  now  runs  into  the  alisphenoid  {al.s.),  which  is 
cut  through  proximally,  at  its  postero-external  angle.  The  Gasserian  ganglion  ( V.) 
still  lies  on  it,  at  its  proximal  part,  the  cartilage  dipping  considerably  to  form  a 
nest  for  it.  Here  the  basisphenoid  {b.s.)  is  formed  of  the  outspread  and  coalesced 
trabeculae,  this  part  being  somewdiat  in  front  of  the  pituitary  space.  The  squamosal 
{sq.)  is  seen  outside  the  angle  of  the  alisphenoid,  and  Meckel's  cartilage  {mk), 
the  latter,  the  end  of  the  angular,  and  part  of  the  articular  cartilage  {inn.),  are  also  cut 
across. 

There  are  three  cavities  laid  open,  namely,  the  nasopalatine  {n.p.c.),  the  mouth  (m.), 
and  the  larynx  {lx.)  ;  the  Eustachian  tubes  are  also  laid  open  in  their  inner  half, 
continuously  with  the  nasopalatine  passages.  Besides  the  cartilage  of  the  larynx,  the 
epihyal,  and  hypohyal  {c.hy.,  h.hy.),  are  cut  through. 

16 th  Section  (Plate  25,  fig.  6). — This  is  from  a  little  further  backwards  than  the 
last,  and  takes  in  part  of  the  meatus  auditorius  externus,  with  its  lining  cartilage 
{m.a.c.).  This  partial  section  is  below  the  orbitosphenoidal  band,  and  behind  most 
of  the  alisphenoid  {al.s.) ;  outside  the  proximal  part  of  that  wing,  which  is  cut  through 
below  the  Gasserian  ganglion  (V.),  Meckel’s  cartilage  {mh.)  is  seen  high  in  position, 
and  large  in  size.  The  Eustachian  tubes  {eu.)  are  laid  further  open  than  in  the  last 
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section,  and  besides  the  hyoid  rods  (e.hy.,  h.hy.),  the  thyroid  cartilage,  as  well 
as  the  arytnoids  (lx.)  are  cut  across. 

17th  Section  (Plate  24,  fig.  7). — This  section  is  through  the  basisphenoicl  ( b.s .),  close 
behind  the  edge  of  the  alisphenoid  (al.s.),  which,  however,  is  caught  further  outwards, 
still  bearing  the  Gasserian  ganglion  (V.).  The  hinder  edge  of  the  soft  palate  is  cut 
through,  and  the  nasopalatine  canal  ( n.p.c .)  is  nearly  continuous  here  with  the  mouth 
(m.).  Besides  the  hyoid  and  cartilages  (e.hy.,  h.hy.),  and  the  larynx  (lx.),  the  upper 
tracheal  rings  are  seen  in  section.  The  tympanic  cavity  (c.ty.)  is  laid  open,  and 
also  the  inner  part  of  the  Eustachian  tube  (eu.)  ;  here  the  meatus  cartilage  (m.c.) 
is  thick.  Meckel’s  cartilage  is  now  thick  :  it  is  the  fore  part  of  the  head  of  the 
malleus  (ml.)  that  is  seen  at  this  point ;  above  it  a  small  tract  of  the  tegmen  tympani 
( t.ty .)  is  also  brought  into  view ;  outside  these  cartilages  the  squamosal  is  shown. 

l%th  Section  (Plate  24,  fig.  8). —This  section  is  behind  the  alisphenoid  and  through 
the  ganglion  geniculatum  (VII.,  VIII.);  also,  besides  a  small  piece  of  the  tegmen 
tympani,  the  fore  part  of  the  cochlea  (chi.)  is  cut  across.  In  this  and  the  last  section 
the  basisphenoicl  (b.o.)*  is  concave  below,  this  is  because  the  mammillary  processes  that 
form  the  foundation  of  the  “ tympanic  wings”  are  cut  through  (Plate  25,  fig.  2,  b.s.). 
In  the  hollow  we  see  the  large  faucial  passage  (phx.),  which  opens  into  the  larynx  (lx.). 
The  laryngeal  and  tracheal  cartilages  are  similar  to  those  of  the  last  section,  and  so 
are  the  hyoid  (e.hy.,  h.hy.) ;  beneath  the  epihyal,  the  chorda  tympanic  nerve  (VII3.) 
is  seen  in  section.  Inside  the  squamosal,  and  under  the  tegmen  tympani,  the  whole 
head  of  the  malleus,  with  its  manubrium,  is  shown ;  the  latter  pushing  the  membrana 
tympani  before  it  ;  this  is  behind  the  Eustachian  tube. 

19 tli  Section  (Plate  24,  fig.  9). — This  section  of  the  cranial  basin  is  oblique  and  may 
serve  as  two  ;  the  right  side  is  from  a  point  in  front  of  the  left ;  and  from  the  some¬ 
what  sinuous  direction  taken  by  the  razor,  some  things  on  the  left  side  belong  to 
points  in  front  of  the  parts  shown  in  the  last  (fig.  8). 

The  orbitosphenoidal  band  and  part  of  the  parietal  (o.s  .,  p.)  are  cut  across,  above  ; 
whilst  the  squamosal  (sq.)  and  the  meatus  (m.a.c.)  are  seen  lower  down.  Here,  again, 
the  head  of  the  malleus  (ml.)  is  seen  in  its  whole  extent,  capped  by  the  tegmen 
tympani,  and  with  its  manubrium  pushing  inwards  the  membrana  tympani. 
Over  the  malleus,  the  ganglion  geniculatum  (VII.,  VIII.)  is  seen,  and  under  the 
tympanic  cavity  (c.ty.)  the  ceratohyal  (e.hy.).  On  that  side  the  cochlea  (chi.)  is  just 
laid  open,  on  the  other  it  is  cut  across  its  middle.  Between  the  two,  the  basisphe- 
noid  (b.o.) f  has  becomes  thicker  and  narrower,  and  it  is  still  concave  below; 
it  carries,  here,  the  pituitary  body  (py.).  The  obliquity  of  the  section  is  shown  by 
the  form  of  the  upper  part  of  the  fauces  (phx.)  below  the  basis  cranii. 

The  left  side  is  very  instructive,  for  it  shows  the  other  elements  of  the  ear- 
chain  behind  the  malleus.  This  is  the  front  view  of  the  section,  and  thin  as  it  is,  the 

*  Tlie  letters  of  reference  in  this  ancl  tlie  next  figure  sliould  be  b.s. 
t  Tlie  letters  of  reference  sliould  have  been  b.s. 
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incus  (i.)f  is  seen  to  be  nearer  to  the  eye  than  the  stapes,  the  fore  margin 
of  which  lay  somewhat  back.  Here  part  of  both  the  parietal  and  squamosal 
( p.,  sq.)  are  shown  and  also  the  orbitosphenoidal  band,  now  the  supra-auditory, 
where  it  rests  upon  the  crest  of  the  auditory  capsule.  Below  that  crest  the 
thick  outer  edge  of  the  capsule  is  seen  forming  the  tegmen  tympani  ( t.ty .)  under  which 
the  body  of  the  incus  (i.)  is  shown,  in  front  of  the  stapes.  The  canal  for  the  facial 
nerve  (VII.),  is  cut  through,  outside  the  cochlea  (chi.),  and  under  the  cochlea  part  of 
the  vestibule  is  laid  open  just  at  the  fore  end  of  the  fenestra  ovalis.  Under  the 
incus  (i. )  a  small  cavity  is  seen,  this  is  the  hind  part  of  the  tympanic  cavity  which 
is  very  small  even  further  forwards  ;  there  is  very  much  soft  tissue  filling  in  the 
spaces  here.  Under  the  auditory  capsule,  on  the  outside,  the  epihyal  is  seen  (see 
also  Plate  25,  fig.  2,  e.hy.),  and  to  it  is  articulated  the  top  of  the  ceratohyal  (e.hy.).i 

20 th  Section  (Plate  24,  fig.  10). — The  description  just  given  may  serve  for  the 
next  section,  but  this  being  a  little  further  back  the  hole  in  the  stapes  (st. )  has  been 
reached.  In  this  the  facial  nerve  (VII.)  was  found  in  two  places,  besides  the  one 
above,  owing  to  the  curve  it  takes  in  its  course.  The  cochlea  is  most  open  on  the  left 
side,  and  on  the  right  it  is  cut  through  at  its  proximal  part,  and  the  vestibule  is 
opened  through  the  fenestra  ovalis. 

21  st  Section  (Plate  24,  fig.  11). — This  next  oblique  section  shows  the  malleus  (ml.) 
on  the  right  side,  behind  its  manubrium  ;  below  it  is  the  tympani  cavity  (c.ty.)  and  the 
facial  nerve  and  geniculate  ganglion  (VII.,  VIIL)  are  seen  above  it.  There  is  still  a 
considerable  space  between  the  auditory  capsule  (chi.),  and  the  thick  oblong  section 
of  the  basis  cranii,  now  the  basioccipital  (h.o.).  The  hyod  bar  (e.hy.)  is  cut  through 
obliquely,  and  under  it  the  facial  part  of  the  seventh  nerve  (VII.)  is  shown.  On  the 
left  side  the  supra-auditory  cartilage  (s.a.c.)  is  continuous  with  the  capsule,  and  so  also 
is  the  basioccipital  plate  (h.o.).  Here  the  razor  passed  through  the  meatus  interims 
(VIII.),  and  the  fenestra  ovalis  ;  in  the  latter  the  stapes  (st.)  is  shown  exactly  through 
its  middle,  with  the  stapedial  artery  (st.a.)  threading  it.  The  top  of  the  epihyal  only 
is  shown  at  the  back  of  the  tegmen  (t.ty,),  just  where  the  short  crus  of  the  incus  is 
articulated.  Under  the  stapes  a  small  cavity  is  seen,  part  of  the  tympanic  (c.ty.). 

22ncl  Section  (Plate  24,  fig.  12).— This  also  is  oblique,  but  is  two  or  three  sections 
further  back  than  that  shown  on  the  last  figure.  Here  the  right  side  shows  the 
stapes  (st.)  cut  across  with  the  stapedial  artery  (st.a.)  threading  it ;  here,  however,  we 
get  a  section  of  the  auditory  capsule  showing  both  the  fenestrae,  the  oval  and  the  round 
(fs.o.,  fr.),  and  this  also  shows  the  meatus  internus  (VIII.).  The  tegmen  tympani 
(t.ty.)\  is  deeper  here,  and  the  inner  edge  of  the  capsule  (chi.)  is  seen  to  come  down 
upon  the  basal  plate  (h.o.)  to  unite  with  it.  This  plate  is  fusiform  in  section  and 
has  the  basilar  artery  (b.a.)  upon  it,  and  the  notochord  (n.c.)  grooving  its  lower 

*  The  line  of  reference  in  this  figure  is  too  short  and  does  not  reach  the  incus. 

f  In  this  figure  for  i  read  ehy.,  and  for  e.hy.  read  e.hy. 

X  The  line  of  reference  passes  downwards  instead  of  across. 
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face  ;  the  plate  passes  directly  into  the  cartilage  of  the  capsule  on  the  left  side. 
There  the  vestibule  (vb.)  is  laid  open  and  the  horizontal  canal  ( h.s.c .)  is  exposed. 

2 3 rd  Section  (Plate  24,  fig.  13).  —  This  is  only  a  little  more  than  half  the  floor  of 
the  skull.  The  supra-auditory  cartilage  ( s.a.c .)  is  now  passing  into  the  supraoccipital, 
and  is  again  free  from  the  capsule.  The  horizontal  canal  (h.s.c.)  is  cut  across  its  arch, 
the  posterior  canal  ( p.s.c .)  through  its  ampulla,  and  the  anterior  canal  (a.s.c.),  above. 
The  large  space  between  the  capsule  and  the  basal  plate  allows  the  9th  and  10th 
nerves  (IX.,  X.)  to  pass,  and  the  large  size,  and  the  thick  edges  of  the  basal  plate 
(b.o.)  is  due  to  the  fact  that  the  condyles  are  cut  across.  The  notochord  ( n.c .)  is 
now  directly  beneath  the  basilar  artery  (b.a.) ;  it  is  seen  again  in  the  attached  wedge 
of  the  axis  (ax.)  ;  the  condyles  of  the  atlas  (at.)  are  also  seen. 

24 th  Section  (Plate  24,  fig.  13). — The  basilar  plate  and  condyles  (oc.c.)  are  cut 
across  in  this  section  in  the  fore  part  of  the  foramen  magnum.  The  roof-cartilage 
(s.a.c.)  lies  upon  the  auditory  capsule.  This  latter  shows  inside  it  the  hinder  part  of 
the  horizontal  canal,  and  the  neck  of  the  posterior  canal  (p.s.c.)  close  to  the  ampulla. 
In  this,  as  in  the  last,  the  cartilage  is  very  solid  above  and  behind  the  canals. 

The  1st,  2nd, and  3rd  vertebrae  (at., ax., and  below  it, a  small  nucleus), are  partly  shown. 

Fifth  Stage. — Dissection  of  the  lower  face  and  throat  of  an  embryo  Mole  ;  1  inch  long. 

There  is  very  little  difference  between  these  parts  in  an  embryo  an  inch  long  and 
the  same  in  one  four-fifths  of  an  inch  (Plate  28,  figs.  3  and  2).  But  in  the  larger 
embryo  I  was  able  to  get  a  side  view  of  the  stapes  (st.).  It  is  shown  in  the  figure 
dislocated  from  the  incus  (i.),  and  thus  the  triangular  form  and  the  round  hole  are 
shown.  The  incus  also  has  its  discoid  articular  facet  for  the  stapes  turned  towards  the 
eye.  The  facial  nerve  (VII.)  is  seen  in  its  canal,  and  in  front  of  it  the  epihyal  ( c.hy .)'“ 
is  seen  to  be  confluent  with  the  auditory  capsule  ( au .),  but  only  connected  with  the 
ceratohyal  (c.hy.)  by  ligamentous  fibres.  The  extremely  thick  and  soft  membrana 
tympani  (m.ty.)  is  just  beginning  to  have  an  osseous  deposit  in  its  rim,  and  its  fibres 
radiate  from  the  front  of  the  manubrium  mallei  (mb.).  The  distal  ossification  on 
Meckel’s  cartilage  (mJc.)  is  elongating,  and  the  dentary  bone  (d.)  is  creeping  up  the 
coronoid  and  condyloid  processes  of  the  superficial  cartilage  (c.p.,  cd.p.).  There  is  no 
malleal  ectostosis,  at  present. 

Sixth  Stage. — Dissection  of  lower  face  and  throat  in  an  embryo  Mole ;  1 3-  inch  long. 

In  an  embryo  a  little  more  advanced  than  the  last  there  are  several  things  in  the 
facial  arches  worthy  of  notice.  The  superficial  mandible  (Plate  28,  fig.  4)  has  not 
only  increased  its  bony  matter,  but  the  cartilage  has  become  much  more  solid  and  in 
larger  quantity  ;  the  middle  process  ending  in  the  condyle  (cd.p.),  especially,  is  a  thick 
rounded  mass  ;  the  glenoid  cartilage  (gl.c.)  is  seen  capping  the  condyle.  The  hypo- 
branchial  element  of  the  arch — the  distal  Meckelian  ossification — is  now  larger,  and 
*  In  the  letters  of  reference  the  hinder  c.liy.  should  have  been  e.hy. 
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under  the  proximal  part  of  this  rod,  where  the  malleal  enlargement  is,  there  is  a  small 
ectosteal  tract ;  the  future  bony  centre  of  the  malleus.  Also  in  the  thick  soft  outer 
disk  of  the  tympanum  there  is  a  crescentic  deposit  of  bone — the  annulus.  In  this, 
as  in  the  rest,  the  short  crus  of  the  incus  (i.)  is  small  and  bent  downwards;  its 
symplectic  facet,  the  orbicular  region  of  the  long  crus,  is  shown  with  the  outline  of 
the  base  of  the  stapes  (st.)  round  it ;  this  is  the  inner  view  of  these  parts.  The  epihyal 
(e.hy.)  is  drawn  as  cut  away  from  the  auditory  capsule ;  its  lower  end  is  connected 
with  the  pointed  top  of  the  ceratohyal  ( c.hy .),  the  long  upper  piece  of  which  is 
beginning  to  ossify ;  the  lower  piece  (c.hy'.)  is  no  longer  than  the  hypohyal  ( h.hy .), 
which  is  thick  and  curved.  The  basi-thyrohyal  piece  (b.h.br.,  t.hy.)  is  thick  and 
roughly  U-shaped,  with  its  angles  squarish. 

Seventh  Stage. — A  similar  dissection  to  the  last  of  an  older  embryo  Mole ;  inch  long. 

This  fifth  inner  view  of  the  visceral  arches  (Plate  28,  fig.  5.)  shows  another  sign  of 
advanced  growth;  the  distal  ossification  of  Meckel’s  cartilage  is  almost  surrounded 
by  a  splenial  growth  of  the  dentary  (d.),  forming  the  inner  face  of  the  mandible.  The 
dentary  is  also  growing  well  round  the  thick  tract  that  ends,  above  and  behind,  in  the 
condyloid  process  ( cd.p .) ;  this  is  capped  by  the  glenoidal  tract  ( gl.c . ),  a  part  derived 
from  the  same  superficial  source.  The  soft  disk  round  the  membrana  tympani  ( m.ty .)  is 
a  more  developed  crescent  of  bone — the  annulus  ( a.ty .).  The  head,  both  of  the  malleus 
and  incus  (ml.,  if  is  smooth  and  rounded,  and  in  each  case  has  a  very  condyloid  appear¬ 
ance  ;  the  stapes  (st.)  is  detached  from  the  orbicular  facet  of  the  incus  (i.) ;  it  is  a 
stout  cartilage,  with  a  small  circular  hole,  a  distinct  neck  below  its  incudal  head  and 
facet,  and  a  thick  rim  to  its  base,  or  proximal  plate.  I  see  no  interhyal  (=  intra- 
stapedial)  nucleus  of  cartilage  in  the  tendon  of  the  stapedius  muscle  ( st.mfi 

Eighth  Stage. —  Vertical  longitudinal  section  of  the  head  of  a  ripe  embryo  Mole  ; 
if  inch  long  from  snout  to  root  of  tail. 

In  this  preparation  the  interior  of  the  right  half  of  the  skull  was  displayed  with  the 
whole  of  the  ethmoseptal  part  of  the  cranial  axis. 

The  figure  (Plate  25,  fig.  1)  will  help  to  a  proper  understanding  of  the  skull  in  its 
earlier  stages,  both  the  sections  and  the  dissections  (Plates  23-25).  The  endocranium 
is  now  undergoing  ossification.  The  nasal  region,  from  the  back  of  the  cribriform 
plate  to  the  front  of  the  snout,  is  exactly  of  the  same  length  as  the  cranium,  measured 
from  the  former  point  to  the  top  of  the  foramen  magnum.  The  great  internasal  septum 
(s.n.,  p.e.)  is  twice  as  high  behind,  at  the  crista  galli  (cr.gfi  than  in  front,  between  the 
nostrils  ;  the  dorsal  line  of  this  wall  is  sinuous  ;  its  lower  edge  is  gently  concave ; 
behind  the  presphenoidal  region  (p.sfi  the  lower  line  of  the  skull  is  gently  convex. 

Between  the  nostrils,  the  door  and  wall  together  form  a  sinuous  tract ;  behind  this 
part  the  calinasal  artilage  gives  off  the  recurrent  (or  Jacobson’s)  cartilage,  right  and 
left  (rc.efi  The  great  intertrabecular  bar  thickens  the  septum  all  along,  giving  its 
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sections  a  bulbous  form,  below.  The  cartilaginous  crista  galli  ( cr.g .)  is  a  mere  retral 
point  of  the  great  septum  ;  below  that  point  the  outline  is  concave,  and  between  the 
large  cartilaginous  cribriform  plates  ( cr.p .),  it  rises  up  at  the  meeting  of  the  presphe- 
noidal  region  with  the  perpendicular  ethmoid. 

From  the  middle  of  the  presphenoidal  tract  (p.s.),  to  the  foramen  magnum,  the  skull 
is  drawn  as  cut  along  the  mid-line  ;  the  front  part  is  left  entire.  Right  of  the  pre¬ 
sphenoidal,  the  orbitosphenoid  ( o.s .)  is  seen  helping  to  wall  in  the  orbital  region  ;  its 
stem  is  ossified,  and  near  the  hind  margin  of  the  bony  tract  the  small  optic  foramen 
(II.)  can  be  seen.  Above  the  bone  the  stem  broadens  suddenly  into  an  axe-blade  of 
cartilage,  which  reaches  to  the  top  of  the  skull  in  front,  and  also  to  the  top  of  the 
side  wall,  further  back. 

Then  from  the  hind  margin  of  the  stem  to  the  middle  of  the  auditory  capsule  there 
is  an  elegant  archway  of  cartilage  nearly  equal  to  the  orbitosphenoidal  stem  in 
width.  Over  the  junction  of  this  arched  band  with  the  auditory  capsule  the  cartilage 
— supra-auditory  ( s.a.c .) — more  than  equals  the  great  blade  of  the  orbitosphenoid  in 
size.  In  reality  it  is  twice  as  large,  but  the  hinder  two-fifths  of  this  large  crescentic 
crest  is  ossified  as  the  supraoccipital  ( s.o .).  The  roughly  oval  space  below  the  orbito¬ 
sphenoidal  archway  is  filled  up,  in  its  antero -inferior  third ,  by  a  small  ruptured  and. 
out-turned  part  of  the  side  wall — the  alisphenoid  (cd.s.) ;  the  angle  between  this 
auriform  flap  and  the  cochlea  (chi.)  is  filled  by  the  huge  Gasserian  ganglion  (V.). 

The  upper  two-fifths  of  the  space  under  the  archway  is  void  of  cartilage,  and  is 
finished  by  the  investing  bones — frontal,  parietal,  and  squamosal.  There  is  no  pre¬ 
sphenoidal  bone ;  the  orbitosphenoids  will  meet  to  finish  that  region ;  the  basi- 
sphenoid  ( b.s .)  is  already  present  as  a  short  tract  in  the  middle  of  its  own  region.  The 
small  lobulate  alisphenoid  is  not  ossified,  it  has  two  large  foramina  near  its  upper  part, 
the  f  ovale  (V3.)  and  the  f  rotundum  (V3.).  The  auditory  capsule  is  relatively  very  large 
and  extremely  oblique  in  position  ;  it  stretches  from  the  hind  margin  of  the  ali¬ 
sphenoid  upwards  and  backwards  to  the  lower  edge  of  the  supra- occipital.  The  large 
archway  for  the  7th  and  8th  nerves  (VII.,  VIII.)— the  meatus  internus — is  very  near 
the  great  orbitosphenoidal  archway,  where  it  becomes  supra-auditory.  The  pupiform 
cochlea  (chi.)  lies  in  a  clearly-margined  space,  right  and  left  of  which  the  basioccipital 
and  basisphenoidal  regions  meet.  The  anterior  canal  (ci.s.c.)  has  its  crown  looking 
backwards  as  much  as  upwards ;  it  arches  over  a  considerable  fossa  for  the  flocculus 
cerebelli ;  it  is  arched  over  by  a  very  elegant  crescentic  channel  for  the  lateral  sinus, 
which  makes  the  cartilaginous  crest  very  thin  at  that  part.  The  gap  (foramen 
lacerum  posterius)  for  the  9th  and  10th  nerves  (IX.,  X.)  is  large,  and  the  small 
hypoglossal  foramen  (XII.)  is  seen  close  behind  it  in  the  occipital  arch.  Above  that 
hole  the  exoccipital  bony  centre  (e.o.)  is  seen  to  occupy  about  a  third  of  the  side  of 
the  arch,  between  the  supra-  and  basioccipital  centres  (s.o.,  b.o.)  ;  the  latter  is  a  large 
lozenge-shapecl  tract. 

Various  investing  bones  are  seen  in  situ,  namely,  the  nasal,  frontal,  parietal,  inter  - 
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parietal,  squamosal,  part  of  premaxillary,  maxillary,  palatine,  and  vomer  (Plate  25, 
fig.  1,  7i.,  /,  p.,  i.p.,  sq.,  pp.x.,  mx..  pa.,  v.). 

Ninth  Stage. — Dissections  of  the  shall  of  young  Moles,  3  or  4  days  old ; 

if  and  If  inch  long. 

Dissections  of  the  skull  of  the  larger  of  these  young  (if  inch  long)  serve  to  interpret 
the  adult  skull  as  well  as  any  of  the  stages. 

The  form  of  the  skull  is  wedge-shaped  (Plate  26),  the  widest  part  being  very  near 
the  end,  and  the  whole  skull  structure  narrowing  forwards  to  the  growing  snout. 
Seen  from  above  (Plate  26,  fig.  1),  the  normal  investing  bones  are  shown  to  increase 
in  size  from  before  backwards,  very  remarkably.  The  oblong  nasals  (n.)  are  of  con¬ 
siderable  width,  but  they  are  not  so  long  as  the  uncovered  snout  in  front  of  them ; 
they  are  flanked  by  the  premaxillaries  and  maxillaries  {mx.,  px.).  The  small  convex 
frontals  (f.)  added  to  these  six  bones  of  the  face  do  not  cover  so  large  a  surface  as  the 
two  parietals  (p.) ;  which,  together,  form  half  a  large  ellipse. 

A  considerable  fontanelle  (fo.)  still  exists  along  and  across  the  skull  in  the  frontal, 
coronal,  sagittal,  and  lambdoidal  regions ;  the  last  of  these  is  the  largest  space,  but  it 
is  partly  filled  up,  behind,  by  a  small  semi-annulus  of  bone — the  interparietal  (ip.). 
Looked  at  from  the  side  (Plate  26,  fig.  3),  other  splint-bones  come  into  view.  In  this 
view  the  premaxillary  (px.)  is  seen  to  have  considerable  facial  tract,  interdigitating  with 
the  maxillary  (mx.)  and  reaching  up  to  the  nasal  (n.).  The  maxillary  is  notched  by  the 
frontal  (f)  and  has  the  small  heart-shaped  lachrymal  (l.)  set  into  its  orbital  edge,  where, 
also,  the  canal  (Lc.)  is  seen  just  on  the  outer  margin  of  the  orbit.  The  canal  for  the 
2nd  branch  of  the  trigeminal  nerve  (V3.)  is  not  finished,  and  behind  and  below  the 
groove,  first  the  jugal  (j.)  is  seen  as  a  small  style,  followed  by  the  styloid  jugal  process 
of  the  small,  oblique,  multilobate  squamosal  (sq.).  That  bone  is  very  peculiar  in  this 
small  wedge-shaped  skull,  which  is  bent  downwards,  behind,  at  a  considerable  angle; 
nearly  all  the  hinder  half  of  the  skull  is  unprotected  by  superficial  bones,  and  the 
squamosal,  thereby,  forms  a  small  adherent  scale  on  its  antero-inferior  surface. 
Scarcely  reaching  the  lower  edge  of  the  parietal  in  front,  it  recedes,  downwards,  from 
that  bone,  leaving  a  large  triangle  of  the  endocranium  bare  ;  it  is  marked  off  into 
two  regions,  one  in  front  and  above,  narrow  and  forked,  and  the  other  behind  and 
below,  wide  and  semi-ovate. 

The  broad  upper  tract  in  front  of  the  proper  squamous  part  has  a  sharp  point,  the 
jugal  process,  which  overlies  the  jugal  bone  (j.)  ;  under  this  fore  part  we  see  the 
glenoid  cavity  ( gl.c .).  The  lower  and  hinder  lobe  reaches  by  its  rounded  end  nearly 
to  the  stylomastoid  foramen  (VII.)  and  quite  to  the  ampulla  of  the  anterior  and 
horizontal  canals  of  the  ear  ( a.s.c .,  h.s.c.).  The  lower  edge,  rising  forwards,  forms  the 
eave  of  the  tegmen  tympani ;  under  it  is  seen  another  superficial  bone,  the  annulus 
tympanicus  ( a.ty .),  better  seen  from  below  (fig.  2).  The  frontal  (f),  half  the  size  of 
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the  parietal  ( p .),  shows  the  foramen  for  the  ophthalmic  nerve  (Vh)  on  its  lower 
margin;  its  orbital  plate  leaves  much  of  the  endocranium  (o.s.)  naked;  it  shows  no 
signs  of  distinctness  from  the  roof-plate  of  the  bone,  such  as  is  seen  in  the  Hedgehog. 

The  parietal  is  a  tine  shell  of  bone,  and  is  the  largest  in  the  skull.  The  frontal  and 
parietal  clamp  each  other  mutually  in  the  postorbital  region,  but  the  latter  imbricates 
itself  on  the  frontal  in  the  coronoid  region  ;  from  the  top  of  that  suture  to  the  top  of 
the  lambdoidal,  the  convex  dorsal  outline  of  the  bone  forms  a  large  and  accurate  arc. 

The  compound  superficial  mandible  ( d .)  is  almost  perfect,  but  the  coronoid, 
condyloid,  and  angular  processes  (c.p.,  cd.p.,  ag.p>.)  are  still  cartilaginous  ;  they  are 
rounded  and  sub-equal. 

In  the  lower  view  (Plate  26,  fig.  2)  the  surface  is  only  invested  with  superficial 
bones  in  the  narrow  palatine  region ;  the  occipital,  and  most  of  the  sphenoidal,  regions 
are  left  bare. 

Each  premaxillary,  carrying  three  teeth,  is  well  developed,  but  the  palatine 
processes  ( p.px. )  are  largely  hidden  by  those  of  the  maxillaries  [rax.  ;  see  fig.  5) ;  the 
antero -lateral  vomers,  also,  are  not  seen,  they  have  a  very  temporary  and  doubtful 
existence  independent  of  these  processes  of  the  premaxillaries.  The  vomer  ( v .),  also, 
is  only  partly  seen,  but  is  really  very  large  and  typical  (fig.  5,  v.),  being  wide,  carinate, 
pointed  in  front  and  forked  behind,  and  has  a  semidistinct  postero-lateral  vomer 
( v ".)  attached  to  the  outside  of  each  fork. 

The  hard  palate  is  well  developed,  three-fifths  of  it  belongs  to  the  maxillaries  (mx.) 
and  the  rest  to  the  palatines  (pa.),  which  have  their  palatal  plate  very  large,  perfect, 
and  typical ;  yet  the  fore  part  of  the  median  suture  even  of  these  bones  is  imperfect, 
and  the  vomer  (v.)  is  partly  exposed ;  the  maxillaries  meet  each  other  nowhere,  at 
present.  The  hinder  and  upper  part  of  each  palatine  is  a  thick  lobe  of  bone  turned 
outwards,  behind,  and  bevelled  on  its  inner  face  for  the  pterygoid  bone  ( pg .).  A  club- 
shaped  cartilage  adheres  to  the  inferior  surface  of  this  small  bone,  the  pointed  end  is  in 
front  and  the  clubbed  end  is  turned  outwards,  behind ;  this  is  the  pterygoid  cartilage 
(pg.c.),  and  is  a  genuine  remnant  of  the  endoskeletal  upper  jaw  of  a  branchiate 
type.  The  broad  hind  skull  is  seen  from  this  aspect,  flanked  and  supported  by  the 
infero-lateral  squamosals  (sq.) ;  the  annuli  ( a.ty .)  are  seen  as  U_shaped  bones — right 
and  left — with  their  crura  looking  outwards  and  backwards,  and  their  arch  almost 
touching  the  pretympanic  boss  of  the  basisphenoid.  These  are  all  the  investing 
bones  that  I  can  discover  at  this  stage. 

The  endocranium  may  now  be  described.  I  shall  begin  with  the  palatal  (or  basal) 
part  first  (Plate  26,  fig.  5).  Looked  at,  as  a  whole,  this  is  a  very  solid  cartilaginous 
structure,  here  and  there  undergoing  ossification.  The  snout  ( al.n .)  with  its  inferior 
external  nostrils  (e.n.)  has  a  length  about  a  fourth  greater  than  its  breadth ;  it  is 
quite  a  continuous  structure.  The  snout  passes  into  the  proper  nasal  labyrinth,  not 
only  above  and  at  the  sides,  but  the  floor,  also,  sends  backwards  a  remarkable  tongue¬ 
like  process — the  recurrent  or  Jacobson’s  cartilage  (rc.c.).  This  tract,  right  and  left,  is 
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very  large  in  the  Mole,  and  is  half  the  length  of  the  proper  labyrinth,  reaching 
backwards  almost  as  far  as  the  inferior  turbinals  ( Lib .),  here  largely  hidden  by  the 
inturned  nasal  wall  ( al.sp .). 

The  tubular  part  of  the  recurrent  cartilage  is  short ;  the  rest  is  convex  below  and 
outside,  and  concave  on  the  other  face,  where  it  is  in  relation  to  Jacobson’s  organ. 
In  front  of  the  terminal  point  of  these  processes  the  labyrinth  expands  rapidly  right 
and  left,  and  these  moieties  are  then  to  be  seen  a  pair  of  swollen  cushion-shaped  masses, 
that  first  bend  outwards  and  then  converge  towards  each  other,  having  only  the  basal 
beam  between  them.  Where  that  beam  escapes  from  the  vomer  it  is  the  perpendicular 
ethmoid  (p.e.)  ;  a  little  further  back  it  is  the  presphenoid  ( p.s .),  and  has  the  stem  of 
each  ala,  or  orbitosphenoid  (o.s.)  ossified  ;  thence,  to  the  top  of  the  skull,  these  rapidly 
widening  wings  are  cartilaginous.  The  posterior  sphenoid  is  a  very  remarkable 
structure  ;  it  is  ossified  in  its  median  or  basal  part  only,  at  present ;  the  anterior 
sphenoid  does  not  develop  a  median  piece,  but  the  basal  beam  receives  its  bony 
growth  from  the  ossifying  alee. 

The  basal  region  of  the  posterior  sphenoid  is  at  present  ossified  for  about  three- 
fifths  of  its  length  ;  this  centre  ( b.s .)  is  very  broad,  and  is  alate  in  front ;  it  is  not  a 
mere  ossified  basal  beam,  for  whilst  the  anterior  sphenoid  forms  its  base  from  its  aim, 
the  posterior  sends  its  basal  bony  centre  far  into  the  proximal  part  of  its  wings — 
right  and  left.  Outside  the  hinder  half  of  the  basisphenoid,  where  it  has  narrowed 
in  so  as  to  occupy  but  little  more  than  the  proper  base  (trabecular  roots  arising  from 
parachordals)  there,  right  and  left,  we  see  a  large  rounded  boss  of  cartilage  just  in 
front  of  each  cochlea  (chi.).  This  swelling  part,  or  process  (lg.),  at  the  junction  of  the 
ala  with  the  base,  is  homologous  with  the  cartilaginous  “  lingula  ”  seen  in  the  embryos 
of  Crocodiles  and  Birds  (Trans.  Zool.  Soc.,  vol.  ii.,  part  9,  plate  64  ;  and  Phil.  Trans., 
I860,  Plate  82).  It  becomes  ossified  very  variously  in  these  different  types,  but  its 
meaning  is  the  same  in  all.  It  is  the  root  of  an  enlargement  for  the  tympanic  cavity — 
the  posterior  sphenoid  becoming  pneumatic.  Behind  these  bosses  the  basal  part  has 
an  elegant  “  waist  ’’  and  then  broadens  into  large  “  hips,”  on  which  the  cochleee  (chi. ) 
rest. 

The  alisphenoifls  (al.s.)  are  still  unossified;  they  have  a  very  broad  proximal  part, 
even  beyond  the  cartilaginous  bosses  and  the  alee  of  the  basi sphenoidal  centre ;  they 
expand  so  as  to  grow  round  the  pupiform  cochleae,  and  then  are  so  notched  behind  as 
to  leave  a  large  oval  space  between  their  hind  margin  and  the  outer  part  of  the 
auditory  capsule  (chi.).  In  front  of  this  lateral  fontanelle  (or  fenestra)  each  alisphenoid 
(al.s.)  forms  an  ear-shaped  free  lobe,  looking  inwards  and  forwards ;  this  lobe  is  bi- 
perforate  for  the  2nd  and  3rd  branches  of  the  5th  nerve  (V3.,  V3.). 

There  is  a  cartilaginous  tract  between  the  new  basisphenoidal  and  basioccipital 
centres  (b.s.,  b.o.)  equal  in  size  to  each  of  these  bones;  the  hinder  centre  (b.o.)  is 
peculiarly  reptilian,  being  at  present  polygonal,  and  broader  than  it  is  long.  The 
chondrocranium  is  huge  in  this  part  of  the  head  ;  from  the  waist-like  synchondrosis 
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the  basal  region  swells  out  into  broad  hips  which  end,  behind,  in  the  slightly  convex 
but  very  large  condyles  (oc.c.);  these  are  wedge-shaped  and  have  a  sulcus  across  them 
at  their  front  third,  they  are  almost  pointed  behind,  when  they  reach  nearly  to  the 
end  of  the  enormous  foramen  magnum  ( f.m .),  the  fore  part  of  which  is  a  semicircle, 
whilst  the  hind  part  widens  out  irregularly.  Tire  fore  margin  of  each  condyle  is  gently 
emaroinate. 

o 

The  hinder  or  opisthotic  region  of  each  large  auditory  capsule  is  completely  con¬ 
fluent  with  the  corresponding  side  of  the  occipital  arch  ;  the  paroccipital  region  is  a 
mere  gentle  convexity.  The  exoccipitals  (e.o.)  can  be  seen  outside  the  condyles  as 
narrow  tracts  of  endosteal  bone ;  the  supraoccipital  (.9.0.)  reaches  the  top  of  the 
foramen  magnum. 

Outside  the  front  part  of  the  condyle  (oc.c,),  the  condyloid  foramen  (XII.)  is  seen, 
the  9th  and  10th  nerves  (IX.,  X.)  are  seen  in  the  distinct  foramen  lacerum 
posterius,  and  the  facial  nerve  (VII.)  is  visible  in  this  view,  emerging  from  the  f. 
stylomastoideum,  behind  the  epihyal  (e.hy.).  The  uppermost  part  of  the  hyoid  arch — 
the  stapes  ( st .) — is  shown,  in  situ,  on  the  right  side  of  the  figure,  and  the  incus  and 
malleus,  with  a  part  of  Meckel’s  cartilage  (i.,  ml.,  mk.)  on  the  other  side.  The 
“otic  process”  or  short  crus  of  the  incus  or  quadrate — a  secondary  retral  part  of  the 
suspensorium  of  the  mandible  in  the  Ovipara,  and  which  in  them  often  reaches 
beyond  the  auditory  capsule  to  join  the  occipital  arch — is  here  seen  to  be  in  front  of 
the  semicircular  canals.  Both  the  mandibular  elements  of  the  ear-chain  lie,  now,  in  a 
large  vacuity  of  the  chondrocranium,  which  is  caused  by  the  curious  non-development 
of  the  alisphenoid  at  that  part.  All  round  the  pupiform  cochlea  (chi.)  the  line  of 
separation  of  the  capsules  and  chondrocranium,  proper,  is  perfect  ;  and  again,  on  the 
outside,  the  opening  into  the  lateral  sinus  (l.s.)  marks  off  the  epiotic  region  from  the 
supraoccipital  cartilage  ;  but  in  front  of  the  sinus-opening,  laterally  (fig.  3),  and  along 
the  paroccipital  region  (fig.  5),  the  confluence  of  the  two  structures  has  been  complete. 
The  fenestra  ovalis  is  filled  by  the  stapes  (st.),  the  fenestra  rotunda  (f.r.)  is  seen 
on  both  sides. 

In  the  lateral  view  (fig.  3),  the  supraoccipital,  supra-auditory,  and  posterior 
orbitosphenoidal  tracts  of  cartilage  (s.o.,  s.a.c.,  o.s.),  are  seen  to  be  confluent,  and  the 
whole  hind  part  of  the  skull,  strongly  bent  downwards,  is  composed  either  of  cartilage 
or  of  cartilage-bone  (endostosis).  Over  the  foramen  magnum  the  supraoccipital  is 
large,  both  high  and  wide,  and  the  exoccipital  (e.o.),  is  seen  to  be  wider  than  the 
lower  view  would  indicate.  There  is  no  appearance  of  bone  in  the  auditory  capsule, 
except  over  the  front  part  of  the  anterior  canal  (a.s.c.),  and  the  sinus-opening;  the 
labyrinthic  part  of  the  capsule  is  still  cartilaginous.  The  oblique  oblongo- crescentic 
tract  of  bone  seen,  already,  in  the  sphenotic  and  pterotic  regions,  is  the  first  of  the  tivo 
bony  periotics  formed  in  the  auditory  capsule  in  this  type  ;  notwithstanding  its 
growth  along  the  crest  of  the  capsule,  and  the  fact  that  it  does  not  help  to  enclose 
the  labyrinth,  I  consider  it  to  be  the  “  prootic,”  and  the  other,  formed  afterwards, 
the  “  opisthotic.” 
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The  tilting  of  the  canal-region  of  the  capsule  is  well  shown  in  the  side  view  ;  the 
fore  part  of  the  large  anterior  canal  ( a.s.c .)  leans  backwards,  under  the  prootic  bone 
(pr.o.),  at  a  right  angle  to  the  squamosal  bone  ;  its  hinder  half,  below  the  sinus-canal 
is  parallel  with  the  outer  edge  of  the  occipital  roof.  The  posterior  canal  ( p.s.c .), 
which  joins  the  anterior,  is  parallel  with  the  general  direction  of  the  occipital  condyle, 
and  the  horizontal  canal  ( h.s.c .)  runs  downwards  and  backwards,  from  the  end  of  the 
squamosal  to  the  exit  of  the  facial  nerve  (YII.). 

But  for  the  ossifications  of  the  hind  skull,  and  the  continuation  of  the  nasal  roof 
cartilages  to  the  end  of  the  intertrabecular  beam — a  peculiarly  valuable  Mammalian 
diagnostic — the  upper  view  of  the  skull  (fig.  4)  might  have  seemed  to  belong  to 
a  Skate.  There  is  a  large  membranous  fontanelle  (fo.),  but  it  is  well  surrounded 
by  solid  hyaline  cartilage,  and  in  several  places  the  “  tegmen  cranii,”  or  cartilaginous 
roof  is  well  developed. 

The  large  and  long  nasal  labyrinth  is  practically  divisible  into  three  regions, 
namely,  the  snout,  or  alinasal  (al.n.) ;  the  middle  region  with  the  nasal  and  inferior 
turbinals,  and,  like  the  snout,  supplied  from  the  5th  nerve  only  ( al.sp .) ;  and  the  true 
olfactory  region,  containing  the  upper  and  middle  turbinals — the  aliethmoidal  region 
( al.e .).  The  fluted  roof  becomes  concave  near  the  end,  and  then  terminates  abruptly, 
in  an  almost  transverse  line,  at  the  middle  of  which  there  is  a  small  projection — the 
crista  galli  ( cr.g .).  The  wide,  lateral,  olfactory  regions,  with  their  hill-and-valley 
markings,  reach  backwards,  right  and  left,  beyond  the  end  of  the  roof ;  the  oblique 
postero-internal  margin  is  confluent  with  the  front  of  the  tegmen  tympani,  a  part  which 
is  continuous  with  the  orbitosphenoid  (o.s.).  Its  tegminal  lobe  has  a  sinuous  inner 
margin,  it  ends  behind,  in  the  narrowish  posterior  band  that  runs  from  the  posterior 
angle  of  the  orbitosphenoid  to  the  supra-auditory  tract  ( o.s'.,s.a.c .) ;  this  band  is  convex 
on  its  outer,  and  concave  on  its  inner,  side.  From  the  end  of  this  band  the  cartilaginous 
tegmen  is  almost  complete,  but  the  supra-auditory  tracts  ( s.a.c .)  do  not  meet,  they  are 
separated  at  the  middle  by  a  large  round  notch,  at  the  back  of  which  there  is  already 
a  smallish  crescentic  interparietal  scale  (i.p.).  These  tracts,  however,  send  forward  a 
thinner  bilobate  lamina,  sharply  marked  off  from  the  hinder  main  part  by  a  crescentic 
line,  whose  convexity  is  behind ;  this  line,  and  the  thinning-out  of  the  tegmen,  is 
caused  by  the  parietal  bone.  Behind  the  lateral  band  (o.s'.)  the  supra-auditory 
cartilage  is  ossified,  beyond  the  turning  over  of  the  roof,  by  the  prootic  (pr.o.). 
Answering  to  the  great  size  of  the  occipital  arch,  the  supraoccipital  ( s.o .)  is  already 
more  than  a  third  the  width  of  the  widest  part  of  the  hind  skull,  its  sides  are  bilobate, 
its  extent,  lengthwise,  is  from  the  fontanelle  to  the  foramen  magnum. 

An  upper  view  of  the  cranial  floor  (Plate  26,  fig.  6),  after  the  membranous 
fontanelle  has  been  removed  and  the  orbitosphenoids  (o.s.),  lateral  bands  (o.s'.),  and 
the  tegmen  (s.a.c.,  pr.o'.,  s.o.)  have  been  cut  down  to  the  top  of  the  wall,  shows  some 
things  very  instructively.  The  top  of  the  great  internasal  septum  (p.e.)  projects 
backwards,  as  a  small  triangular  crista  galli  (cr.g.),  and  below  that  ends  as  an  oblique, 
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rather  thin,  somewhat  projecting  wall-top,  right  and  left  of  which  we  see  the  large 
cribriform  plate  ( cr.p .).  Each  plate  is  perfect,  is  circular  in  outline — as  cartilage, 
and  is  grooved  obliquely,  inwards  and  forwards  ;  it  is  also  riddled  full  of  holes  for 
branches  of  the  olfactory  nerve.  The  top  of  the  presphenoid  (p.s.)  runs  into  the  hind 
part  of  the  perpendicular  ethmoid  (p.e.)  which  is  broad  behind,  and  has  the  thick 
crescentic  top  of  each  moiety  of  the  nasal  labyrinth  pressing  against  it ;  these  curious 
curved  lobes,  which  are  thick  and  bulbous  against  the  median  cartilage,  and  thin 
externally,  contain  the  hinder  folds  of  the  middle  turbinal ;  they  are  separated  from 
the  orbitosphenoids  (o.s.)  by  a  narrow  chink.  These  latter  tracts  are  ossified  up  to 
the  thick  middle  beam  (p.s.) ;  and  the  bony  deposit  is,  now,  complete  for  some  extent, 
proximally,  and  then  it  merely  strengthens  the  fore  edge  of  the  tract  up  to  the 
anterior  chink.  At  their  inner  third,  and  near  the  hind  margin,  these  bony  centres 
show  a  small  foramen  opticum  (II.).  The  hind  margin  of  the  orbitosphenoidal  stem 
is  first  convex,  and  then  concave,  and  this  sinuous  line,  the  front  boundary  of  the 
sphenoidal  fissure  (V1.)  is  a  good  height  above,  and  not  behind,  the  fore  edge  of  the 
alisphenoid  ;  it  crosses  over  the  foramen  rotundum  (V2.) 

The  rest  of  the  alisphenoid  (al.s.)  is  seen,  away  from  the  eye,  behind  and  below  the 
orbitosphenoid  (o.s.);  the  basisphenoid  ( b.s .)  is,  on  this  upper  surface,  of  less  lateral 
extent  than  below ;  it  only  passes  for  a  small  extent  beyond  its  own  boundary  line. 

The  synchondrosis  is  large,  and  in  it  is  seen  the  seat  of  the  sella  turcica  (py.)  and  the 
low  transverse  postpituitary  wall  (p.cl.).  The  middle  fissure,  right  and  left,  between 
the  synchondrosis  and  the  cochleae  (chi.)  is  wide;  the  “helix”  projects  upwards,  but 
is  not  so  well  seen  as  below;  the  meatus  interims  (VII.,  VIII.)  is  wide  and  large. 
The  fore  margin  of  the  auditory  capsules  runs  almost  transversely  across  the  lower 
part  of  the  base  of  the  hind  skull,  and  the  outer  two-thirds  of  this  edge  forms  the 
hinder  boundary  to  the  great  infero-lateral  fontanelle.  The  separateness  of  the 
capsules  from  the  chondrocranium,  proper,  is  very  perfect,  especially  on  the  anterior 
and  inner  side ;  but  above,  it  is  more  apparent  than  real,  for  there  the  great  sinus 
canal  (l.s.)  seems  to  part  the  crest  from  the  tract  containing  the  semicircular  canals. 
The  whole  arch  of  the  anterior  canal  (a.s.c.)  shows  its  convexity  here,  and  under  the 
archway  there  is  the  large  recess  for  the  “flocculus”  ( fl.r, .).  The  lower  part  of  the 
occipital  arch  binds,  sinuously,  against  the  two  huge  capsules  ;  in  this  view  we  see 
most  of  the  exoccipitals  (e.o.)  and  all  the  basioccipital  ( h.o .),  the  fore  edge  of  which 
nearly  reaches  the  post-clinoid  wall  (p.cl.).  The  cartilage  is  thick;  it  is  perforated 
by  the  12th  nerve  behind  the  posterior  fissure,  and  somewhat  notched  by  the  9th  and 
10th  nerves  (IX.,  X.),  in  the  margin,  behind  that  fissure. 

Ninth  Stage  (continued). —  Visceral  arches  of  a  Young  Mole  ;  If  inch  long. 

I  shall  finish  my  description  of  the  skull  at  this  stage  by  an  account  of  the  inferior 
arches  of  a  somewhat  smaller  specimen  than  the  one  whose  main  skull  has  just  been 
treated  of.  The  front  fourth,  and  the  hinder  half,  of  the  mandible  are  shown  from  the 
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inner  side  (Plate  28,  fig.  6).  Here  Ave  see  that  the  deep  and  the  superficial  mandibles 
are  both  well  developed ;  the  basal  cartilage  (basimandibular,  b.mn.)  is  still  large  at 
the  symphysis,  and  the  subdistal  part  of  Meckel’s  rod  (ink),  although  undergoing 
ossification  ( mk '.),  and  hidden  partly  by  the  splenial  lamina  of  the  dentary  (cl.),  is  still 
perfect  up  to  its  malleal  end  (ml.).  That  part  (ml.,  mb.)  is  now  undergoing  endostis, 
answering  to  the  ectosteal  plate  applied  to  it;  but  the  incus  (i.)  and  the  stapes  (st.) 
are  still  unossified.  The  annulus  ( a.ty .)  is  growing  larger  round  the  membrana 
tympani  (m.ty.),  but  the  fold  of  skin  that  lies  outside  that  membrane  is  still  ATery 
thick  and  spongy.  The  cartilage  that  pre-forms  so  much  of  the  permanent  mandible 
is  very  solid,  now;  on  the  articular  or  condyloid  process  the  glenoidal  facet  ( gl.c .)  is 
figured,  like  a  cap ;  it  was  derived  from  the  same  primary  subcutaneous  tract,  and  has 
the  same  morphological  meaning,  as  the  slab  Avhich  is  ossified  by  the  dentary  bone. 

Tenth  Stage.  —  Young  Moles ;  3  inches  long  from  snout  to  root  of  tail. 

When  the  young  are  more  than  one-third  longer  than  in  the  last  instance  we  get  a 
great  advance  towards  the  permanent  condition. 

In  the  side  view  of  the  skull  (Plate  27,  fig.  3)  the  jugal,  squamosal,  lower  jaw,  and 
most  of  the  hyoid  arch  are  left  out. 

The  long,  non-segmented,  decurved  snout  (al.n.)  reaches  half-way  to  the  badly- 
formed  orbit.  The  valvular  nostril  (e.n.)  is  almost  terminal,  and  is  seen  best  in  the 
under  face.  The  facial  part  of  the  premaxillary  (px.)  is  half  as  large  as  that  of  the 
maxillary  (mx.) ;  at  present  the  canal  for  the  maxillary  nerve  (V3.)  is  not  finished 
externally.  On  the  process  above  it  the  small  crescentic  lachrymal  (l.)  rests,  and  the 
canal  (l.c.)  is  seen  in  front  of  the  bone,  on  the  face.  The  slender  nasals  (n.)  and  the 
small  frontals  (f  )  are  still  distinct  from  each  other,  and  from  the  facial  plates  of  the 
bones  below  them  (px.,  mx.).  The  large  parietal  (p.)  always  keeps  distinct  from  its 
surroundings :  the  interparietal  (i.p.)  is  now  a  broad,  transverse  plate  between  the 
parietal  and  the  supraoccipital  (s.o.).  The  palatine  (pa.)  and  the  pterygoid  ( pg .), 
Avith  its  terminal  cartilage  (pg.c.)  still  visible,  can  be  seen  below  and  behind  them,  the 
annulus  (a.ty.).  Behind  the  lachrymal  (l.)  the  thin  convex  frontal  shell  (f.)  is  turned 
inwards  suddenly  in  its  orbital  part.  Near  the  hind  corner  of  the  orbital  plate  the 
opening  for  the  ophthalmic  nerve  (V1.)  is  large  and  oval.  BeloAv  that  bony  plate  the 
lateral  ethmoidal  mass  (al.e.),  and  the  cartilaginous  top  and  bony  lower  part  of  the 
orbitosplienoid  ( o.s .)  can  be  seen,  as  also  the  emerging  optic  nerve  (II.).  The  ali  - 
sphenoid,  Avith  its  two  large  foramina  (V2.,  V3.),  is  seen  outside  and  behind  the  orbito- 
sphenoid  ;  below  their  foramina  the  broad  basisphenoid  ( t.b.s .)  is  exposed.  Over 
the  drum  of  the  ear  (a.ty.)  Ave  see  the  large  four-sided,  infero-lateral  fontanelle 
(fo.),  which  is  hidden  in  the  perfect  skull  by  the  squamosal.  Behind  that  mem¬ 
branous  space  a  deep  tempered  bone  is  shown  ;  it  is  large,  convex,  and  has  a  polygonal 
outline;  this  is  the  prootic  (pr.o'.),  which  has  rambled  away  from  the  labyrinth,  to 
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ossify  the  chondrocranial  wall.  Behind  and  below  that  bone,  tlie  large  labyrinth,  in 
this  view,  is  unossified,  and  in  the  cartilage  the  semicircular  canals  can  be  traced 
( a.s.c .,  h.s.c.,  p.s.c .).  The  epihyal  ( e.hy .)  is  seen  descending,  with  the  facial  nerve 
(VII.)  emerging  behind  it ;  and  from  the  posterior  fissure,  and  from  the  condyloid 
foramen  the  9th,  10th,  and  12th  nerves  are  escaping  (IX.,  X.,  XII.).  Parallel 
with  the  posterior  canal  ( p.s.c .),  and  a  little  behind  it,  the  junction  of  the  opisthotic 
with  the  occipital  cartilage  can  be  traced,  and  a  little  behind  that  the  growing  exocci- 
pital  bone  (e.o.) ;  under  it  is  the  condyle  (oc.c.).  The  gentle,  general  curve  is  formed 
by  the  parietal,  interparietal,  and  supraoccipital  bones  (p.,  i.p.,s.o.) ;  between  the 
latter  and  its  side  bone,  the  exoccipital  (e.o.),  there  is  still  much  cartilage. 

In  the  lower  view  of  a  skull  ah  this  stage,  with  most  of  the  investing  bones  removed 
(Plate  27,  fig.  2),  we  see  how  much  advance  has  been  made.  The  long  snout  ( ctl.n .), 
with  its  infero-lateral  nostrils  {e.n.),  is  followed  by  the  labyrinth,  proper,  with  the 
peculiar  supporting  and  conjugating  investing  bones  that  lie  beneath  it  or  between  its 
moieties.  The  premaxillaries  ( px .)  have  very  long  laminar  palatine  processes  {p.px.), 
(involving  the  antero- lateral  vomers) ;  these  support  Jacobson’s  organ  and  cartilages 
( j.o .,  rc.c.),  and  reach  as  far  back  as  those  tongue-shaped  cartilaginous  tracts.  The 
vomer  {v.)  is  set  between  and  above  the  palatine  processes  of  the  premaxillaries,  and 
its  pointed  fore  end  is  hidden  by  them  ;  its  keel  begins  in  their  angle,  and  is  very 
short.  The  body  of  the  bone  first  narrows  and  then  suddenly  widens  between  the 
converging  floor-plates  of  the  nasal  labyrinth  ( n.f. ).  In  the  chink  right  and  left  of  the 
recurrent  cartilage  (rc.c)  the  inferior  turbinals  ( i.tb .)  can  be  seen  ;  then  the  gap  widens, 
and  the  upper  and  middle  turbinal  folds,  now  ossifying,  are  exposed  ( u.tb .,  m.tb.).  But 
where,  as  in  Passerine  Birds,  the  broad  hinder  part  of  the  vomer  connects  the  right 
and  left  ethmoidal  masses,  there  at  each  edge  there  is  a  small,  additional  postero-lateral 
vomer  ( v ".),  and  outside  it  an  osseous  patch  in  the  cartilaginous  floor  itself  {n.f.). 

The  lateral  cartilaginous  tracts — floor  and  side-wall — first  become  constricted,  and 
then  expand ;  becoming,  indeed,  the  upper  broad  unossified  part  of  the  orbitosphenoid 
(o.s.).  But  the  hind  part  of  each  half  of  the  nasal  labyrinth  is  seen  to  end,  in  a 
bulbous  form,  right  and  left  of  the  forks  of  the  vomer,  above  which  the  end  of  the 
perpendicular  ethmoid  {p.e.)  passes  into  the  short  presphenoidal  region  ( p.s .),  still 
unossified.  The  orbit osphenoidal  bony  centres  (o.s.)  can  only  be  partially  seen  from 
this  aspect  (see  fig.  1),  being  hidden  in  front  by  the  end  of  the  nasal  floor  {n.f.),  and 
behind  by  the  alisphenoids  {al.s.). 

The  posterior  sphenoidal  region  is  now  well  ossified  ;  it  is  exceedingly  broad  and 
thick. 

Referring  to  the  early  chondrocranium  (Plate  25,  figs.  2,  3,  b.s.,  al.s.),  we  see  that 
the  basisphenoidal  region,  just  where  the  parachordals  pass  into  the  trabecula;  under 
the  pituitary  body,  is  greatly  dilated,  right  and  left.  If  two  imaginary  lines  be 
drawn  obliquely  backwards  and  a  little  outwards  from  the  sides  of  the  presphenoid  to 
the  side  of  the  narrow  waist  in  the  base,  between  the  cochleae,  then  we  shall  get  the 
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true  width  of  the  basal  beam.  Such  a  width  is  kept  for  the  basisplienoidal  ossifica¬ 
tion  in  the  Marsupials,  whilst  all  the  part  outside  that  definite  bar  is  ossified  by  the 
alisphenoid,  which  also  takes  in  the  whole  region  that  is  left  bare  in  the  Mole  between 
its  alisphenoid  and  cochlea.  Thus,  in  them,  that  thickening  of  the  cartilage  which  is 
the  foundation  of  the  tympanic  ala  is  ossified  by  the  alisphenoid,  and  the  tympanic 
wing  has  a  large  ‘  ‘  os  bullae  ”  attached  to  it,  behind  and  towards  the  mid-line.  Here, 
as  in  the  Hedgehog,  there  is  no  os  bullae,  and  the  dilated  pneumatic  part  of  the 
posterior  sphenoid  is  ossified  by  the  abnormally  large  median  centre  (b.s.)S' 

Behind  the  presphenoidal  cartilage  (Plate  27,  fig.  2,  _p.s.)  the  ossified  basal  beam  is 
seen  to  be  flanked,  right  and  left,  by  an  outgrowth,  which  grows  into  a  lower  plane, 
and  stretches  outwards  as  far  as  to  the  under  and  inner  edge  of  the  alisphenoid  ( al-.s .). 
These  suboval  masses  look  inwards  in  front,  and  are  notched  in  that  part ;  their  inner 
margin  is  swollen  and  rounded,  their  outer  and  harder  edge  is  sinuous.  A  large  air 
cell  is  forming  on  the  outer  part  of  the  under  surface,  and  the  whole  mass  is  spongy. 

This  very  ornithic  condition  of  the  dilated  and  pneumatic  basisphenoid  is  only  a 
modification  of  the  parts  quite  similar  to  what  I  have  just  described  in  the  Hedgehog, 
where,  however,  the  bones  are  more  solid,  and  are  devoid  of  this  peculiar  spongy 
growth.  Besting  on  this  wide,  pneumatic  basisphenoid,  we  see  the  narrow  oblongo- 
crescentic  alisphenoids  with  their  large  foramina — foramen  ovale  and  foramen 
rotundum  (V3.,  V3.);  the  outer  front  corner  of  each  bone  lies  under  the  corresponding 
orbitosphenoidal  cartilage  ( o.s '.).  The  rest  of  the  cranium  proper,  is  seen  wedged,  in 
between,  and  expanding  behind,  the  large  auditory  capsules.  The  synchondrosis  is 
lessening  fast,  and  the  rest  of  the  parachordal  region  is  occupied  by  the  very  Beptilian 
basioccipital  (h.o.).  This  relatively  large  plate  is  polygonal,  has  a  notched  fore  edge, 
a  concave  hind  margin,  and  roughly-sinuous  sides  ;  it  is  concave,  right  and  left  of  the 
mid-line.  Behind  it  we  see  the  huge,  flattish  condyles  (oc.c.),  which  are  reniform, 
having  a  large  notch  on  their  inner  edge ;  outside  these  we  see  the  creeping  ossi¬ 
fication  of  the  exoccipitals  (e.o.),  and  outside  these  a  very  low  and  narrow  paroccipital 
tract  (p.oc.).  The  perforating  foramen  condyloideum  (XII.),  and  the  hinder  foramen 
laoerum  (IX.,  X.)  in  front  of,  the  occipital  arch,  are  here  seen. 

The  deeply  notched  antero-lateral  margin  of  the  great  ear-capsule  is  bounded  exter¬ 
nally  by  the  rambling  bony  growth  of  the  prootic  (pr.o ’.).  The  inner  edge  of  that 
rounded  notch,  and  the  rest  of  the  opisthotic  region  behind  it,  and  behind  the  cochlea 
(chi.)  is  still  unossified,  and  shows  in  this  aspect  the  horizontal  and  posterior  canals 
(. h.s.c .,  p.s.c.) ;  shining  through  its  semitransparent  substance.  The  cochlea  and  the 
contiguous  part  of  the  vestibule  (chi.)  are  well  ossified;  the  fenestras  are  at  right 
angles  to  the  general  basal  plane,  and  are  not  well  seen  in  this  view.  From  the  outer 

*  In  this  remarkable  pneutnaticity  of  the  basal  and  sub-basal  parts  of  the  skull,  in  relation  to  the 
tympanic  air-cavity,  the  fundamental  structure  is  quite  similar  in  the  Crocodile,  Bird,  Marsupial,  and 
lusectivore :  the  after-modification  gives  the  diagnostic ,  in  each  case. 
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edge  of  this  opisthotic  centre  the  bony  matter  has  run  forwards,  and  a  little  outwards, 
to  the  front  of  the  cartilage,  inside  the  antero-lateral  notch. 

An  upper  view  of  this  dissected  skull — peeled  of  most  of  its  investing  bones  (Plate 
27,  fig.  l)  shows  the  continuity  of  the  elongated  nasal  labyrinth  with  the  large  orbito- 
sphenoidal  wing  ( o.s .).  The  long  unjointed  double  nasal  tube  is  but  little  enlarged, 
although  sinuous,  up  to  the  proper  olfactory  region  ( al.e .) ;  there,  in  the  swollen  part, 
the  marks  of  the  turbinal  folds  are  seen  outside.  The  fore  brain  and  large  olfactory 
lobes  overlie  the  hinder  part  of  the  labyrinth,  and  then  the  roof  ends  abruptly,  a  long 
way  in  front  of  the  end  of  the  floor;  there  we  see  the  large  cribriform  plate  ( cr/p .) 
between  the  roof  and  floor,  in  two  hollows,  greatly  perforated,  and  separated  by  the 
perpendicular  ethmoid  (p.e.),  which  gives  off  a  short  cartilaginous  crista  galli  ( cr.g .), 
above.  The  partial  ossification  of  the  turbinals,  within,  is  shown  in  the  lower  view 
(fig.  2)  ;  in  this  figure  the  cribriform  plate  and  mesethmoid  ( cr.p .,  p.e.)  have  a  small 
centre,  in  the  middle.  Behind,  the  ethmoidal  wall  thickens,  and  right  and  left  of 
it  the  end  of  the  capsules  is  swollen  in  front  of  the  orbitosphenoidal  bony  centres. 
These  two  bony  tracts  (o.s.)  are  subarcuate,  narrow  at  their  origin,  and  broader  above; 
where  the  cartilage  enlarges  suddenly,  there  they  end  near  their  hind  margin  ;  half-way 
outwards  they  are  perforated  by  the  small  optic  nerve  (II.).  The  short  and  narrowish 
presphenoidal  tract  ( p.s.)  is  not  ossified  by  them  at  present.  Behind  these  parts  the 
basisphenoid  ( b.s .)  is  altogether  abnormal,  as  compared  with  that  of  a  Marsupial;  it 
reaches  nearly  as  far  outwards  as  the  orbitosphenoids,  and  has  the  small  ear-shaped, 
biperforate  alisphenoids  ( cil.s .)  placed  on  its  edges. 

From  side  to  side  the  basisphenoid  is  marked  off  into  three  nearly  equal  regions  ; 
the  two  outer  of  these  have  a  rounded  hind  margin ;  behind  the  fossae  marking  them 
off  from  the  middle  the  cochleae  (chi.)  wedge  in.  Between  the  cochleae  and  the  ali¬ 
sphenoids  there  is  a  membranous  space ;  and  between  the  basisphenoid  and  the  basi- 
occipital  (b.o.)  there  is  a  considerable  tract  of  cartilage;  here,  at  its  narrowest,  part, 
the  basis  cranii  is  very  broad.  Right  and  left  the  great  misplaced  prootic  (pr.o .)  is  as 
well  seen  as  in  the  lower  view ;  it  has  a  vertical  position,  for  the  cartilage  further  back 
turns  inwards  at  its  inner  edge  ;  the  opisthotic  bony  centre  has  crept  outwards  from 
the  well  ossified  cochlea  (chi.) ;  its  elegant  coils  are  seen  in  this  view,  and  behind  them 
the  archway  and  recesses  for  the  7th  and  8th  nerves  (meatus  interims,  VII.,  VIII.). 
Backwards,  and  a  little  outwards  from  that  passage,  the  huge  anterior  canal  (a.s.c.)  is 
seen,  and  has  its  walls  bony,  but  the  recess  for  the  flocculus  ( fi.r .)  and  the  cartilage 
round  and  behind  the  great  canal,  are  still  unossified.  In  this  view  the  basioccipital 
(b.o.)  appears  still  broader  and  more  reptilian  than  on  the  lower  aspect ;  its  fore  part 
is  still  notched,  where  the  bony  cephalostyle  was  formed  by  the  ossification  of  the 
cranial  notochord.  Right  and  left  of  the  notched  hind  margin  of  the  bone  we  see  a 
large  tract  of  cartilage  separating  the  basal  from  the  lateral  bones — the  exoccipitals 
(e.o.)  ;  the  supraoccipital  (s.o.),  and  the  surrounding  cartilage,  has  been  cut  awTay  to 
expose  the  cranial  floor. 
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Tenth  Stage  (continued). — The  visceral  arches. 

Notwithstanding  the  more  specialised  nature  of  the  Mole,  as  compared  with  the 
Hedgehog,  some  things  in  it  are  much  more  like  what  is  seen  in  the  Metatheria  than 
anything  to  be  found  in  that  larger  and  more  normal  Insectivore. 

In  these  large  “  nestlings  ”  the  three  lobes  of  the  lower  jaw  (Plate  28,  fig.  7,  c.p., 
cd.p.,  ag.p .)  are  still  largely  composed  of  cartilage.  Meckel’s  cartilage  (ink.)  is  to  a 
great  extent  lost  in  the  general  dentary  ossification  (cl),  hut  it  is  seen  behind,  wedged 
in  between  the  condyloid  and  angular  processes  of  the  jaw.  The  ossicula  are  now 
largely  ossified  and  the  bony  deposits  forming  the  malleus  (ml.)  are  exceedingly 
instructive  and  very  Metatherian.  Besides  the  ordinary  ectosteal  tract,  which  has  set 
up  endostosis  in  the  head  of  the  malleus,  there  is  an  almost  distinct  sjdint  under  the 
neck  of  the  malleus,  which  is  the  true  counterpart  of  the  os  angulare  of  the  Ovipara. 
The  manubrium  (mb.)  is  mainly  cartilaginous,  but  there  is  a  fusiform  epiphysis  in  the 
middle  of  this  process  ;  this  is  very  noteworthy  ;  for  in  Lepidosteous  and  in  Amia  the 
££  articulare  ”  is  ossified  by  two  centres  ;  and  this  is  manifestly  the  additional  centre 
cropping  up  once  more.* 

The  three  most  projecting  parts  of  the  incus  (i.)  are  still  unossified;  the  short  crus 
(s.c.i)  is  very  small.  The  stapes  ( st .)  is  merely  indicated  in  outline  ;  so  also  is  the 
annulus;  the  epihyal  ( e.hy .)  is  confluent  with  the  auditory  capsule  (cm.)  where 
the  facial  nerve  (VI T.)  emerges.  A  short  ligament  connects  that  second  segment  of 
the  hyoid  arch  with  the  top  of  the  subdivided  ceratohyal  (c.hy.) ;  this  is  a  gently  curved 
rod,  occupied  by  a  shaft  of  bone  for  half  its  extent.  The  next  segment  (c.hy' .)  is  only 
two- thirds  the  length  of  the  upper,  and  is  one-third  thicker;  it  is  just  beginning  to 
ossify.  So  also  is  the  still  shorter  and  stouter  hypobyal  ( h.hy .)  which  fits  obliquely 
on  to  the  basi-  and  thyrohyals  ( b.h.br .,  t.hy .) ;  these  rods  are  ossifying,  but  the  distal 
half  of  the  paired  rods  is  soft.  The  annulus  (Plate  25,  fig.  13,  a.ty.)  and  the  imperfect 
cartilaginous  tube  of  the  meatus  (m.c.)  show  the  normal  type  of  the  outer  ear,  with 
arrest  of  the  concha  ;  it  has  four  rudimentary  rings. 

Eleventh  Stage. —  Young  Mole;  tiro-thircls  grown. 

The  side  meiv  ot  the  skull  at  this  stage  (Plate  27,  fig.  4)  is  very  similar  to  that  of 
the  last  (fig.  3).  I  have,  however,  figured  the  squamosal,  in  situ,  in  this ;  the  malar 
or  jugal,  is  left  out,  here,  for  the  better  display  of  the  fundus  of  the  imperfect  orbit. 
The  length  of  the  figures  is  nearly  the  same,  those  of  the  larger  specimen  being  some¬ 
what  larger,  although  they  are  magnified  much  less. 

The  bones  are  much  stronger  and  more  polished,  and  the  cartilage  is  rapidly 
disappearing;  the  snout  (al.n.)  is  relatively  slenderer.  The  imbrication  of  the 

*  In  toe  Green  Turtle  tliere  are  two  articular  centres-:  one  the  endosteal,  developed  late,  and  the 
other  the  ectosteal,  developed  early,  and  just  like  the  other  bony  plates  around  it ;  these,  however,  are 
merely  the  two  elements  of  one  ossification. 
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investing  bones  is  now  seen  to  be  that  of  the  one  behind  on  the  one  before  it ;  had 
they  taken  up  more  of  the  cutis  vera  they  would  have  differed  but  little  from  the 
bony  scutes  on  a  fish’s  head.  Below,  there  is  now  a  more  evident  angle  where  the 
premaxillary  meets  the  maxillary  ;  in  this  latter  bone  the  infraorbital  foramen  (V2.)  is 
still  unfinished.  It  is  covered  over,  in  some  degree,  in  the  perfect  skull,  by  the  jugal 
(figs.  5,  6,  j.).  The  frontals  (f.)  have  grown  down  well  inside  the  orbit,  but  they 
are  singularly  free  from  the  usual  orbital  processes  ;  the  upper  part  there  forms  a 
rounded  eave  over  the  retiring  orbital  plate.  That  plate  has  a  very  large  oval 
foramen  for  the  ophthalmic  nerve  (V1.),  and  a  lesser  hole  behind  that  in  the  extreme 
part.  The  gap  in  the  wall  of  the  skull  seen  in  the  last  (fig.  3 ,fo.)  is  here  shown  as 
filled  up  by  the  small  oblique  squamosal  ( sq .),  the  thin,  sinuous  upper  edge  of  which 
overlaps  the  antero -inferior  part  of  the  large  parietal  (see  also  fig.  3).  There  are 
three  sharp  processes  growing  from  the  slanting  lower  edge  of  the  squamosal.  The 
first  is  its  own  front  corner,  overlapping  both  parietal  and  frontal ;  the  next  is  the 
small,  sharp  jugal  process ;  and  the  third  is  the  postglenoid  process.  The  hinder 
swollen  part  over  the  auditory  region  is  bilobate ;  the  temporal  fossa  is  extremely 
small  and  ill- defined  Over  the  roof,  behind,  the  interparietal  (i.p.)  has  grown  so  as 
to  be,  relatively,  the  largest,  or  nearly  so,  to  be  seen  in  the  whole  class  ;  antero- 
posteriorly,  it  is  only  one-third  the  extent  of  the  parietal,  but  seen  cross-wise,  or  at 
the  side,  its  extent  is  very  large;  it  nearly  reaches  down  to  the  exoccipital  (e.o.). 

Below,  the  palatine  (pa.)  is  seen  a  little,  and  the  pterygoid  ( pg .)  better;  this  has 
still  a  nodule  of  cartilage  on  its  hook  (pg.c.).  Under  the  very  perfect  system  of 
investing  bones — which  serve  the  purposes  of  “ashlar”  in  a  building — the  almost 
completely  ossified  endocranium  is  partly  seen.  The  orbitosphenoid  (o.s.)  does  not 
show  its  optic  foramen  well  in  this  view  (see  fig.  8,  o.s.,  II.),  but  the  sphenoidal 
fissure,  and  the  foramen  rotundum  and  foramen  ovale  in  the  alisphenoid  ( al.s ., 
V*.,  V3.)  are  displayed  in  this  aspect.  Under  the  alisphenoid,  the  broad,  cellular 
tympanic  wing  of  the  basisphenoid  ( t.b.s .)  is  quite  visible  in  this  side  view.  A 
remarkable  amount  of  the  very  large  skeleton  of  the  auditory  capsule  is  seen  in  this 
figure.  In  the  somewhat  obtuse  angle  between  the  parietal  and  interparietals 
(p.,  i.p.)  the  polygono-ovoidal  prootic  wing  ( pr.o .)  is  almost  entirely  displayed  ;  it  is 
very  convex,  and,  if  shorter,  is  much  broader  than  the  squamosal,  for  which  it  might 
be  taken  in  a  cursory  view  of  the  adult  skull.  The  opening  from  the  lateral  sinus  is 
behind  the  prootic  wall-piece  ;  under  that  bone  there  is  a  large  tongue-shaped  epiotic 
tract  (ep.),  it  is  not  a  distinct  centre,  but  merely  a  lobe  of  the  opisthotic  (op.).*  Under 
it  there  is  a  foramen,  above  the  large  passage  for  the  vagus  and  glassopharyngeal 
nerves  (X.,  IX.).  The  opisthotic  region  of  the  opisthotic  bone,  the  proper  “mastoid  ” 
tract,  is  an  irregular  wedge  of  bone  running  from  the  post-temporal  part  of  the 
squamosal  to  the  exoccipital  (e.o.).  with  its  almost  suppressed  paroccipital  ridge;  that 
bone  is,  like  the  mastoid  region  of  the  opisthotic,  an  oblique,  irregularly-oblong  tract. 

*  There  is  a  deficiency  in  the  lines  of  reference  to  these  parts  in  this  figure. 
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Over  it  is  seen  the  large,  smooth  supraoccipital,  and  below  it  the  flattish  condyle 
(< oc.c .). 

At  the  fore  part  of  the  mastoid  tract  the  epihyal  and  facial  nerve  ( e.hy .,  YII.)  are 
shown  in  relation,  and  the  9th,  10th  and  12th  nerves  are  figured  as  they  escape 
from  the  skull.  There  is  still  a  considerable  tract  of  cartilage  between  the  supra¬ 
occipital,  exoccipital,  prootic,  and  opisthotic  bones. 

The  upper  view  of  this  rapidly  growing  skull  is  shown  in  fig.  6  ;  without  the  long 
cartilaginous  snout  ( al.n .)  this  view  would  have  been  very  imperfect.  That  finishes 
this  long,  flattened,  boring,  wedge-shaped  skull.  Eight  pairs  of  investing  bones,  and 
one  single  pair — the  interparietal — finish  the  upper  and  lateral  parts  of  the  skull ;  they 
are  so  developed  and  imbricated  as  to  increase  their  general  breadth  up  to  the  auditory 
region,  and  then  the  skull  ends  in  a  somewhat  irregular  semicircle,  not  perfected 
by  any  superficial  bone,  but  by  ossification  of  the  walls  and  roof  of  the  cliondro- 
cranium  ( s.o pr.o'.). 

A  lower  view  (Plate  27,  fig.  5),  with  the  tympanies  and  ossicula  removed,  shows  the 
great  progress  in  ossification  and  general  development  that  have  taken  place,  whilst 
the  young  Mole  has  rapidly  become  twice  as  heavy  as  it  was  when  only  3  inches  long 
— the  last  stage.  The  dentigerous  semicircle  formed  by  the  premaxillaries  ( px .)  with 
their  long  palatine  processes  (p.px.),  largely  hidden  by  the  maxillaries  (mx.)  is  followed 
by  the  long  sinuous  dentary  line  of  the  maxillaries ;  several  of  the  molars  are  only 
just  cutting  the  gums  with  their  sharp  cusps.  The  palatine  plate  formed  by  the 
palatine  bones  (pa. )  is  shorter  and  wider  than  that  formed  by  the  maxillaries,  for  the 
suture  between  the  two  pairs  of  bones  is  very  far  forward  ;  the  Mole  has  a  very  per¬ 
fect  and  normal  hard  palate.  The  openings  of  Jacobson’s  organs  (j.o.)  are  seen  in  the 
anterior  palatine  foramina,  and  the  posterior  foramina  are  large  and  wide  apart,  they 
are  in  the  line  of  the  lateral  suture  between  the  palatines  and  maxillaries.  The 
palatine  plates  of  the  palatines  have  a  beaded  edge,  and  this  thick  or  limbate  margin, 
which  turns  inwards  and  backwards  to  form  the  wall  of  the  nasopalatine  canal  behind 
the  hard  palate,  is,  altogether,  bracket-shaped.  The  palatines  go  twice  as  far  back  on 
their  palatine  plate,  and  are  very  solid  and  spongy  where  they  embrace  and  support 
the  base  of  the  skull.  On  to  them,  the  pterygoids  ( pg .),  are  articulated,  and  they  also 
have  a  pedate  expansion  above,  supporting  the  skull ;  their  hamular  process  is  not 
quite  ossified  (pg.c.).  The  presphenoid  (p.s.)  is  a  long  beam  of  bone,  formed  by  fusion 
of  the  orbitosphenoids,  and  separated  by  a  considerable  synchondrosial  tract  from  the 
basisphenoid  (b.s.)  ;  this  latter  is  a  truly  marvellous  bony  centre,  and  as  far  as  my 
experience  goes  is,  in  this  creature,  relatively  wider  than  in  any  other  type.  In  this 
aspect,  the  basisphenoid  runs  across  the  whole  basal  region  up  to  the  floor  of  the 
orbits,  so  that  very  little  of  the  top  of  the  skull  can  be  seen  right  and  left. 

The  fore  edge  is  narrower  than  the  hind  margin  ;  both  are  sinuous,  and  the  outer 
margin  is  rounded,  and  almost  semicircular.  The  anterior  third,  which  is  clamped 
by  the  cranial  plates  of  the  pterygoids,  has  its  floor  perfect,  but  the  bone  is  burrowed. 
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above  the  floor,  there  being  a  continuation  there  of  the  great  pneumatic  recess  seen,  right 
and  left,  in  the  hinder  two-thirds  of  the  bone.  Each  recess  occupies  about  half  the 
large  hinder  tract ;  the  inner  half  is  convex,  and  meets  its  fellow  at  the  mid-line  in  a 
deep  fissure  or  sulcus. 

All  this  wide,  spongy,  pneumatic  structure  is  merely  a  peculiar  Talpine  modification 
of  the  normal  skull  of  an  Insectivore,  such  as  that  of  the  Hedgehog,  or  the  Tenrec. 

The  slender  zygomatic  arch  (j.)  is  finished  behind  by  the  squamosal  (sq. )  with  its 
glenoid  facet  (gl.  c .) ;  this  is  close  outside  the  tympanic  recess  of  the  basisphenoid.  A 
character  is  seen  here  which  is  only  partly  shown  on  the  side  view  (fig.  4),  namely, 
that  the  squamosal  after  giving  off  its  zygomatic  process,  and  forming  the  sinuous  plate 
for  the  glenoid  cartilage,  grows  round  and  under  the  skull,  strongly  clamping  and 
binding  all  the  parts  by  a  large  squarish  postglenoid  plate,  which  grows  obliquely 
inwards  and  a  little  backwards,  and  is  notched  on  its  inner  edge.  The  two  plates, 
right  and  left,  hold  the  large  auditory  capsules  as  in  a  widely  opened  vice. 

A  considerable  tract  of  cartilage  separates  the  basioccipital  ( b.o .)  from  the  car-cap¬ 
sules;  it  runs  backwards,  and  a  little  outwards  ;  it  is  almost  straight,  and  passes  nearly 
into  the  cartilage  of  the  condyle.  Behind  the  -postglenoid  region  of  the  squamosal,  and 
to  some  degree  clamped  by  it,  is  the  large  prootic  plate  ( pr.o .').  In  the  angle  between 
the  squamosal  and  prootic  plate  (sq.,  pr.o'.)  there  is  an  oblong  tract  of  bone,  sub- 
distinct ;  this  is  the  epiotic  (ep.)  ;  it  is  bounded  within  by  the  hinder  part  of  the 
main  opisthotic  tract  (op.),  which  has  left  a  considerable  tract  unossified  behind,  up  to 
the  small  fusiform  cartilaginous  paroccipital  ridge  (p.oc.).  In  front  of  that  cartilage, 
up  to  the  basisphenoid,  there  is  a  large  irregular  tract  of  the  opisthotic  visible  below  ; 
this  is  beset  with  cranial  landmarks.  Close  inside  the  front  lobe  of  the  under  part  of 
the  squamosal  the  ceratohyal  (c.hy.)  is  seen,  tied  to  the  epihyal  snag  ;  behind  this 
the  facial  nerve  (VII.)  emerges  through  the  stylomastoid  foramen.  Inside  the  nerve, 
the  hole  for  the  internal  carotid  may  be  seen,  and  behind  that,  at  a  good  distance, 
the  foramen  laceriun  posterius  for  the  9th  and  10th  nerves  (IX.,  X.)  is  enclosed, 
nearly,  by  the  opisthotic;  behind  it,  over  the  border,  is  the  hole  for  the  12th  nerve 
(XII.).  There  is  also  a  crescentic  hole  under  the  notch  of  the  squamosal.  The  use  of 
this  I  did  not  discover. 

The  foramen  magnum  (frn.)  has  a  neatly  egg-shaped  outline;  in  front  of  it  the  huge 
basioccipital  (b.o.)  has  a  subpentagonal  shape.  The  fore  edge  is  very  extensive  and 
gently  sinuous,  for  this  plate  is  notched  and  grooved  in  front,  and  this  fore  edge  is 
thick  and  spongy,  answering  to  the  hind  part  of  the  basisphenoid.  Then,  behind 
each  thickening,  there  is  a  round  concavity,  from  which  the  bone  becomes  generally 
gently  convex  up  to  the  semielliptical  notch  at  the  fore  part  of  the  foramen  magnum. 
A  large  lozenge-shaped  tract  of  cartilage,  pierced  on  its  outside  by  the  hypoglossal 
nerve  (XII.),  is  seen  between  each  postero-lateral  edge  of  the  basioccipital  and  the 
condyles  ;  these  (oc.c.)  rise  but  little  in  front.,  and  are  grooved,  crosswise,  at  their  fore 
third,  and  then  on  their  hinder,  narrower  part,  are  more  perfectly  defined.  Wedging 
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in  between  the  small  cartilaginous  paroccipital  and  the  large  condyle,  the  exoccipital 
( e.o .)  is  seen,  and  behind  the  foramen  magnum  the  crescentic  lower  edge  of  the 
supra  occipital  ( s.o .). 

In  the  end  vieiv  (Plate  27,  fig.  7)  some  of  these  things  are  better  seen  ;  supplementing 
the  large,  smooth  parietals  (p.),  the  great  transverse  interparietal  (i.p.,  see  also  fig.  6) 
stretches  across  the  top  of  the  occiput  from  one  prootic  plate  ( pr.o '.)  to  the  other. 
Under  and  behind  that  superficial  plate  the  true  supraoccipital  is  seen  as  a  large  and 
almost  semicircular  ossification  of  the  endocranium ;  the  lowTer  transverse  edge  of  the 
plate  is  notched  over  the  foramen  magnum,  and  rises,  and  then  falls,  outside  that  arch¬ 
way.  A  little  cartilage  exists  at  its  outer  edge,  between  it  and  the  prootic  plate 
( pr.o '.),  and  this  cartilage  forms  a  short  arched  tract  over  each  exoccipital,  and  then 
fills  in  a  square  space  over  the  notched  hind  part  of  the  mastoid  bone  (op.).  The 
hindermost  projecting  part  of  each  squamosal  (sq.)  can  be  seen,  right  and  left,  away 
from  the  eye.  Around  the  foramen  magnum  the  crescented  exoccipitals,  capped,  behind, 
by  the  curious  condyles — oval  above,  grooved,  and  then  transversely  lobate  ;  outside 
the  exoccipitals,  the  small  fusiform  unossified  paroccipital  ridges  (po.c.)  are  flanked 
by  the  mastoid  bone  (op.). 

A  very  instructive  preparation  was  made  of  the  inner  face  of  the  skull-floor 
(Plate  27,  fig.  8);  the  nasal  labyrinth  was  largely  cut  away.  The  top  of  the  upper 
wall  ( al.e .)  ends  in  the  short,  cartilaginous  crista  galli  (cry.) ;  behind  this,  the  top 
of  the  ethmoidal  partition  wall  (p.e.)  and  the  contiguous  part  of  the  cribriform  plate 
(cr.p.)  are  ossified  as  a  trowel-shaped  centre,  with  the  handle  below.  The  rest  of  this 
large,  exquisite,  double  sieve,  with  its  thickened  rim,  is  still  unossified.  Behind,  this 
structure  is  embraced  by  the  gently  concave  front  margin  of  the  orbitosphenoids  (o.s.), 
which  now  meet  in  the  middle  of  the  skull-floor  and  there  lie  upon  the  presphenoid, 
which  they  have  ossified  (see  fig.  5). 

They  are  very  narrow  planks,  bent  backwards  behind,  forwards  in  front,  and  with  a 
sinuous  hind  edge,  the  middle  part  being  the  narrowest.  The  small,  oblique  optic 
foramen  (II.)  begins  at  the  inner  third,  and  is  behind  the  middle  of  the  bony  tract. 

The  posterior  sphenoid  is  as  remarkable  from  this  view  as  from  below  (fig.  5).  The 
alisphenoids  ( al.s .),  with  their  two  foramina  (V3.,  V3.),  are  about  twice  the  size  of  the 
orbitosphenoids,  they  project  beyond  their  basal  plate  in  front  as  much  as  they  fall 
short  behind  ;  there  they  are  free  and  pointed ;  in  front,  they  are  rounded  and  turn 
under  to  the  base  of  the  skull ;  they  are  wide  apart  from  the  orbitosphenoid,  and 
the  sphenoidal  fissure  (V1.)  between  the  two  plates  is  large.  The  huge  basisphenoid 
( b.s .)  has  a  concave  fore  edge,  and  convex  sides,  and  then  ends  behind  in  four  large  sharp 
cusps.  The  two  submesial  cusps  reach  much  further  backwards  than  the  outer; 
between  these  pointed  projections,  externally,  the  whole  bone  is  toothed  and  splintery, 
and  is  attached  to  the  rough  toothed  fore  edge  of  the  cochlear  region  of  the  ear- 
capsule  by  fibrous  tissue. 

In  front  of  the  deep  lateral  notch,  the  bone,  right  and  left,  is  gently  concave,  as 
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also  is  the  middle  part  in  front  of  the  synchondrosis,  but  the  sella  turcica  is  badly 
defined. 

The  prootic  plates  ( p.ro '.)  have  been  cut  through  ;  between  them  and  the  proper 
bony  capsule  there  is  a  considerable  tract  of  cartilage.  The  cochlea  (chi.)  is  much 
masked  by  bony  growths;  the  meatus  interims  (VIII.)  is  large  and  very  near  the 
inner  edge  ;  there  is  a  special  foramen  for  the  7th  (VII.). 

The  remarkable  archway  over  the  deep  recess  for  the  “  flocculus  ”  is  ossified  ;  the 
enlargement  in  front,  on  the  outside,  is  due  to  the  ampulla  of  the  anterior  canal  ( a.s.c .), 
and  its  arch  is  over  the  archway ;  the  common  sinus  for  the  anterior  and  posterior 
canals  runs,  inside  the  thickening  of  this  curious  internal  “  porch,”  downwards  and 
forwards,  on  the  inner  side ;  the  appearance  of  an  ampulla  below,  and  in  front,  where 
it  ends,  is  deceptive,  that  is  due  to  a  swelling  of  the  vestibule  (vb.). 

The  horizontal  canal  (/os.c.)is  not  well  seen  from  this  aspect,  its  ampulla  is  only 
visible  under  that  of  the  anterior  canal.  The  posterior  canal  (p.s.c.)  is  seen  in  the 
postero-internal  face  of  the  porch  where  it  meets  the  anterior  canal,  and  where  the 
two  pass  into  the  common  sinus  on  the  inner  side.  The  ampulla  of  the  posterior  canal 
is  formed  after  the  arch  has  crossed  and  passed  under  that  of  the  horizontal  canal, 
just  where  the  latter  is  entering  the  vestibule;  these  parts  lie  at  the  bottom  of  the 
bony  labyrinth,  just  outside  the  passage  for  the  9th  and  10th  nerves  (IX.,  X.).  The 
basal,  and  part  of  the  lateral,  regions  of  the  occipital  arch  ( b.o .,  e.o.),  are  seen,  also  ;  in 
this  figure,  the  hypoglossal  nerve  (XII.)  is  on  the  edge  of  the  exoccipital  ossification 
on  this  inner  side  ;  outside,  or  below  (fig.  5),  it  is  still  surrounded  by  cartilage. 


Inferior  arches  of  the  young  Mole  in  the  Eleventh  Stage. 

The  malleus  in  this  eleventh  stage  is  thoroughly  Marsupial  in  character.* 

Seen  from  the  inside  (Plate  28,  fig.  9)  the  head  projects  as  a  semioval  mass,  having, 
behind,  the  saddle-shaped  condyloid  cartilage.  Under  the  head  there  is  a  pneumatic 
recess  bordered  by  a  sloping,  sinuous  edge  of  bone,  from  which  the  manubrium  (mb.) 
is  continued.  That  process  is  rather  a  round  hook  than  an  angular  part,  and  the 
whole  hind  margin  is  sinuous,  without  showing  on  this  face  any  very  definite  posterior 
process  (ag.p.).  The  neck  of  the  malleus  is  broad  and  irregular;  it  is  followed  by  a 
rough,  rounded,  perforated  lobe  or  crest.  Then  the  bone  dips  and  runs  forwards  as  a 
straight  “processus  gracilis”  (p-gr.).  But  this  is  only  a  part  of  the  foregrowths  of 
the  malleus,  for  beneath  the  upper  lobe  there  is  a  lanceolate,  almost  distinct  tract 
(seen  also  in  fig.  7,  tenth  stage),  and  in  front  of  this,  running  away  from  the  line  of 
Meckel’s  cartilage  (see  fig.  7,  mk),  there  is  an  elegant  pretympanic  sickle  of  bone, 
enlarged  and  split  at  its  end. 

*  My  own  figures  of  the  Marsupial  skull  will  show  what  I  mean  by  this  assertion ;  meantime  the 
reader  is  referred  to  Mr.  Doran’s  valuable  paper  on  the  Ossicula  auditus  (Trans.  Linn.  Soc.,  ser.  2,  Zool., 
vol.  i.,  plate  64,  figs.  15-34). 
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On  the  outer  face  (fig.  10)  that  process  is  well  marked -off,  as  if  it  had  formed 
separately,  and  then  became  anchylosed  to  the  straight  process ;  here,  also,  the  upper 
lobe  has  a  very  distinct  form  and  outline,  behind,  whilst  the  lower  lanceolate  tract  is 
less  distinct. 

On  this  face  we  miss  the  pneumatic  recess,  but  get  a  view  of  the  remnant  of  the 
cartilage  that  separates  the  epiphysis  in  the  manubrium  (fig.  7,  mb.)  from  the  main 
part  of  the  bone.  It  is  evident  that,  about  the  time  of  weaning  the  young  Mole  is 
developing,  in  a  rough,  irregular,  and  abortive  manner,  the  well-known  “  angulare  ” 
and  “supra-angulare”  of  the  Oviparous  tribes,  in  addition  to  the  “articulare  externum,” 
and  the  two  endosteal  articular  tracts  that  are  found  in  Holostean  Ganoid  Fishes. 
We  shall  soon  see  what  becomes  of  all  this  effort  to  restore  the  old  compound 
mandible. 

The  hyoid  arch  (Plate  28,  fig.  8),  when  detached  from  its  two  upper  elements  (the 
epihyal  and  stapes),  shows  a  considerable  advance  upon  the  last  stage  (fig.  7),  all  the 
bony  shafts  are  rapidly  developing  along  the  cartilaginous  rods ;  the  articulations, 
also,  are  very  distinct. 

Twelfth  Stage. —  Young  Mole;  three-fourths  grown. 

Among  my  materials — gathered  during  the  last  forty  years  or  more — I  found  the 
malleus  of  a  somewhat  older  Mole  than  the  last ;  it  is  of  great  importance,  for  it  shows 
(Plate  25,  fig.  4,  inner  view  /  fig.  5,  outer  view)  the  softening  down,  by  absorption,  of 
much  that  was  rugged  and  irregular  in  the  last  stage.  The  processus  gracilis  is  still 
very  large,  and  is  cochleate  proximally ;  the  crest  and  the  pretympanic  sickle  are 
gone.  But  the  cartilage  separating  the  manubrial  centre  (mb.)  from  the  main  bone, 
on  the  outer  side,  is  still  evident.  Of  the  same  age  also  are  the  other  ossicles  here 
figured,  the  incus  (Plate  25,  figs.  6,  7)  and  the  stapes  (Plate  28,  fig.  11),  and  also  the 
annulus  (Plate  25,  fig.  11). 

Both  the  orbicular  facet  for  the  stapes  ( l.c.i .)  and  the  short  crus  of  the  incus  ( s.c.i .) 
are  feebly  developed  and  look  towards  the  Monotrematous  condition  ;  the  whole  inner 
face  is  open  to  the  tympanic  cavity. 

The  stapes  (Plate  28,  fig.  11)  cannot  be  detached  in  this  stage,  as  in  the  adults  of 
some  other  Insectivores,  e.g.,  Myogale  moschata  and  M.  pyrenaica  (see  Doran,  op.  cit., 
p.  435). 

This  is  a  very  remarkable  modification  (Plate  28,  fig.  11,  st,),  and  its  transitoriness 
in  this  type  is  also  noteworthy;  the  Mole  gets  beyond  Myogale  in  this  respect.  This 
little  bone  is  kept  in  its  place  by  the  ossification  of  the  outer  sheath  of  the  stapedial 
artery  (st.a.) ;  a  sheath  similar  to  that  which  protects  the  outer  part  of  the  internal 
carotid  in  the  Bird.  There,  the  bony  arterial  sheath  traverses  the  light  diploe  of  the  basis 
cranii  between  the  basitemporal  plate  and  the  proper  spheno-occipital  skull  floor.  I  am 
under  the  impression  that  this  sheath  is  formed  just  as  the  stapedial  artery  becomes 
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obliterated ;  then  the  bony  sheath,  itself,  soon  afterwards,  is  absorbed  ;  these  things 
are  enigmas  to  us  at  present. 

The  annulus  tympanicus  is  shown  in  the  young  Mole,  three  inches  long,  from  the 
side  (Plate  27,  tig.  3,  a.ty .) ;  and  the  curious  flat,  imperfect  ring  is  figured  in  several  of 
the  earlier  stages  (Plates  26  and  28).  In  the  adult  it  is  wholly  blended  with  the  skull 
floor,  but  during  the  first  summer  it  remains  distinct ;  that  of  the  right  side,  in 
this  stage,  is  shown  from  its  inner  face  (Plate  25,  tig.  11);  it  looks  like  a  well-made 
annulus  that  has  been  crushed  into  a  flat  coiled  band  of  bone.  The  outer  opening 
is  roughly  pyriform,  quite  pointed  on  the  inner  or  lower  side,  and  broad  above,  and 
having  its  margins  dentated.  The  part  nearest  the  opening,  outside,  is  very  thin;  then 
the  bone  thickens  up  to  the  margin ;  on  the  inner  face  the  edge  is  seen  to  be  strongly 
ribbed  by  bony  deposits.  The  anterior  crus  is  very  large,  and  grows  along  the 
inside  as  a  large  rostral  plate,  looking  backwards,  and  nearly  meeting  the  sharp, 
inturned,  hinder  crus.  Thus  the  great  inner  opening,  which  is  thrice  the  size  of  the 
outer,  is  also  transverse  to  it ;  it  is  a  nearly  finished  oval,  with  the  long  diameter 
at  right  angles  with  that  of  the  outer  opening.  The  great  rostral  process  of  the 
front  crus  is  grooved  on  the  inside,  outside  its  arched  edge,  for  the  still  large 
processes  gracilis  of  the  malleus  (Plate  25,  figs.  4,  5,  p.gr.). 

Thirteenth  Stage. — Skull  of  the  adult  Mole. 

I  could  have  wished  to  have  given  figures  fully  illustrating  the  structure  of  the 
skull  in  the  adult  Mole,  but  considerations  of  space  have  deterred  me  ;  I  have, 
however,  figured  the  ossicula  auditus  (Plate  25,  figs.  8-10),  and  the  snout,  in  section 
(Plate  25,  fig.  14).  This  latter  part  has  been  affected  by  the  generally  intense  ossifi- 
.  cation  of  the  skull,  and  not  only  the  proper  septum  nasi  ( s.n .)  has  been  well  ossified 
on  from  the  perpendicular  ethmoid,  but  that  fore-growth  of  the  septum  (s.n'.)  which 
divides  the  long  alinasal  region  (al.n.),  in  front  of  the  premaxillaries,  has  acquired  an 
endosteal  tract,  almost  to  its  front  end  ;  the  teleology  of  this  structure  is  evident 
enough,  but  it  comes  in  as  a  part  of  the  general  osseous  modification  of  this  type, 
which  is  everywhere  intense. 

The  prootic  plate,  and  the  hinder  or  mastoid  region  of  the  auditory  capsule,  have 
sutures  separating  them  from  the  surrounding  bones.  The  parietals,  also,  are  always 
free ;  they  form  a  squamous  suture  with  the  frontals,  which  they  overlap  up  to  the 
middle  of  the  interorbital  region,  but  the  true  squamous  suture,  between  them  and 
the  squamosals,  is  very  slight ;  they  keep  their  own  mutual  saggital  suture  perfect. 
With  these  exceptions  the  skull  of  a  Mole  has  its  bones  as  completely  anchylosed 
together  as  in  any  Bird  ;  and  the  structure  of  the  base  of  the  skull  is  as  light  and 
pneumatic  as  anything  seen  in  any  Passerine,  or  highest,  kind  of  Bird.  During  the 
first  summer  there  is  but  little  promise  of  the  exquisite  polish  of  the  bones  nor  of  the 
excavated  condition  they  will  soon  attain  to.  Everything  becomes  smoothed  down, 
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outside  ;  tlie  hamular  processes  of  tlie  pterygoids  are  small  but  perfect,  and  behind  and 
outside  them  the  whole  of  the  wide  hind  skull  is  flattened,  and  bevelled,  and  polished 
to  a  marvellous  degree.  On  the  inside,  also,  the  surface  is  exquisitely  smooth,  and  the 
bone  delicately  cellular  ;  the  cochlese  have  their  bony  walls  polished  and  thinned  down 
so  as  to  show  the  coils  as  if  through  a  transparent  medium,  and  the  great  porch  for 
the  “  flocculus  cerebelli  ”  is  the  most  remarkable  piece  of  miniature  architecture  I  am 
acquainted  with.  The  bony  tubes  containing  tlie  semicircular  canals  strengthen  the 
porch  at  its  margin,  and  the  intervening  bone  roofing  it  is  extremely  thin.  The 
base  of  the  skull  now  shows  a  shallow  but  distinct  sella  turcica,  and  behind  it  the 
postpituitary  wall  is  well  defined,  although  rather  low.  The  cribriform  plate  is  very 
large  and  abundantly  perforated. 

But  the  basal  and  basilateral  regions  of  the  skull,  in  its  floor,  although  highly 
polished,  is  marvellously  broken  up  into  hills  and  holes,  because  of  the  extreme  delicacy 
of  the  upper  table  of  the  bone ;  the  supratympanic  bony  shell,  the  cochleae,  the 
Jloccular  porches,  the  pituitary  cup,  and  postclinoid  wall, — to  say  nothing  of  the  fora¬ 
mina  and  fissures  for  nerves,  vessels,  and  the  like, — make  this  little  skull,  in  its  inside, 
a  most  admirable  object  for  study  and  contemplation. 

All  this  is  true  of  the  outside  or  lower  surface,  but  the  large  flattened  tympanic 
annulus,  conrpleting  the  unlipped  bony  meatus  externus,  and  thoroughly  anchylosed  to 
the  surrounding  bones ;  and  the  extensive  air-galleries  that  are  excavated  inside  the 
huge  basisphenoid,  and  the  small  squamosals,  may  be  mentioned. 

The  ossicula  auditus  are  figured  and  will  now  be  described,  as  they  show  the  last 
specialisation  of  the  inferior  arches  of  the  face. 

The  malleus  (Plate  25,  fig.  8,  inner ,  and  fig.  9,  outer  view)  shows  a  very  small  processus 
gracilis  (p.gr.)  and  a  small  manubrium  [mb.),  whose  axis  forms  one  continuous  curve 
with  the  body  of  the  bone.  In  front,  under  the  head,  but  most  on  the  inside,  a  consider¬ 
able  pneumatic  recess  is  seen,  and  outside  the  obtuse  angle  ( p.clg .)  of  the  manubrium, 
there  is  a  loop-shaped  ridge  where  the  remnant  of  the  last  tract  of  cartilage  was  seen. 
In  this  malleus  almost  the  whole  of  the  attempted  mandibular  structures  has  been 
absorbed ;  and  the  Metatherian  type,  at  its  loivest  grade,  has  been  exchanged  for  the 
typical  Eutherian  form. 

The  incus  has  lost  much  of  its  typical  Mammalian  character *  (see  Plate  28)  ;  its 
short  crus  ( s.c.i .)  has  dwindled  to  a  fine  transverse  style,  the  incurvation  of  the  lower 
part  of  the  long  crus  ( l.c.i .)  is  almost  lost,  and  the  orbicular  facet  is  a  mere  oblong 
condyloid  tract. 

Thus  this  little  representative  of  the  quadratum  has  lost,  not  only  much  of  the  “otic 
process”  (=  short  crus),  but  also  that  special  Mammalian  character,  the  orbicular 
plate  on  an  inturned  narrow  neck,  has  greatly  suffered  degradation.  Now  this  relapse  is 

*  I  here  include  both  the  Marsupial  and  Placental  Mammals,  for  in  the  former  the  incus  has  its 
highest  development;  the  long  crus  and  the  obricular  plate  being  better  developed  than  in  the  Eutheria, 
generally. 
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ill  the  Prototlierian  direction  ;  if  carried  further,  and  the  bone  were  flattened  out, 
we  should  have  an  incus  very  similar  to  that  of  a  Monotreme. 

The  long'  crus  is  hollowed  out  into  a  pneumatic  boat ,  its  long’  opening  looks  forwards 
and  outwards  (fig.  9). 

The  stapes  of  the  adult  (Plate  25,  fig.  10)  is  greatly  altered  from  that  of  the  larger 
young  (Plate  28,  fig.  11),  at  the  time  when  it  is  fastened  in  the  fenestra  oval  is  by  the 
bony  arterial  tube. 

Then  it  had  narrow  sides,  and  its  incudal  condyle  had  a  rounder  shape  ;  now,  that 
articular  face  is  oblong,  and  the  sides  have  become  inflated,  as  also  the  base  ;  so  that 
the  whole  bone  is  a  sort  of  lagena,  with  an  oblong  apex  and  a  bulbous  base  ;  whilst  the 
flattened  sides  are  perforated,  one  by  a  large,  and  the  other  by  a  small,  oval  fenestra. 
The  sides  of  the  base  are  neatly  limbate,  the  rim  being  adapted  to  the  edges  of  the 
fenestra  ovalis.  That  there  is  nothing  in  the  structure  of  the  skull  of  the  adult  Mole 
that  is  not  in  harmony  with  the  life  and  habits  of  the  creature,  I  feel  certain ;  but 
questions  of  that  sort  are  of  less  interest  than  the  correspondences  seen  in  this 
terricolous  Mammal  with  that  we  are  familiar  with  in  Reptiles  (Crocodilia)  and  Birds. 
Besides  the  general  pneumaticity  of  the  whole  hind  skull,  we  have  the  hollow  counter¬ 
parts  of  the  quadra  turn,  articulare,  and  columella  of  those  high  Sauropsida. 

On  the  skull  of  the  Common  Shrew  (Sorex  vulgaris). 

There  are  three  native  species  of  the  Soricicke — Sorex  vulgaris,  S.  py grace  us,  and 
Crossopu.s  fodiens.  I  have  worked  out  the  skull  in  the  first  of  these,  comparing  it  in 
its  adult  condition  with  that  of  the  last,  or  largest,  kind. 

My  materials  yielded  me  four  stages,  as  follows  : — 

1st  Stage. — Embryos,  ^  ripe;  8^  lines  long  from  snout  to  root  of  tail  (Plate  16, 
figs.  10,  11). 

2nd  Stage. — Ripe  embryos  ;  9^  lines  long. 

3rd  Stage. — Young  from  the  nest,  10  or  12  days  old  ;  1^  inch  long  (Plate  16,  fig.  12). 

4th  Stage. — Adult  Shrews. 

Besides  these  I  obtained  early  embryos,  with  the  somatomes  well  formed,  a  little 
less  developed  than  my  earliest  embryo  of  the  Mole  (Plate  16,  fig.  1) ;  these  were  merely 
examined  externally. 

The  First  Stage  here  given  was  examined  in  sections,  but  as  these  corresponded 
very  literally  with  those  of  the  younger  Mole,  already  described,  they  were  not 
figured.  In  these  almost  ripe  young  the  general  form  is  such  as  one  might  imagine  in 
some  early  Tertiary  types,  in  which  the  characters  of  the  Orders  of  Mammalia  now 
existing  had  not  been  developed. 

It  is  a  simple  pentadactyle  form,  very  similar  to  my  third  stage  of  the  Mole 
(Plate  16,  fig.  4),  but  having  smaller  fore  limbs  that  are  further  back  from  the  head. 
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Along  the  annular  folds  of  the  outer  skin  the  bud-like  hnir-pulps  are  seen  cropping 
up  in  corresponding  rows,  as  though  they  had  been  planted  by  a  farmer’s  “  drill.” 
The  eyelids  are  developed,  and  closed  over  the  eye-balls  ;  the  concha  auris  is  a  kidney- 
shaped  fold  of  skin,  the  snout  is,  relatively,  no  longer  than  that  of  a  full-grown 
Mastiff,  and  shows  little  promise,  as  yet,  of  its  future  length. 

Second  Stage.— Ripe  embryos  of  Sorex  vulgaris,  9 lines  long 
(about  f  of  an  inch,  or  20  mm  ). 

The  chondrocranium  (Plate  29,  fig.  7),  is  undergoing  ossification,  but  its  general  form 
is  not  altered,  and  absorption  of  those  parts  of  the  cartilage  which  do  not  ossify  has 
scarcely  set  in  ;  it  serves  well  at  this  stage  for  comparison  with  the  skulls  of  the  Mole 
and  the  Hedgehog  at  a  similar  stage  of  development  (see  Plates  17  and  25).  In  the 
Mole  the  chondrocranium  is  less  massive,  relatively,  than  in  the  Hedgehog,  and  in  the 
Shrew  less  than  in  the  Mole.  The  Hedgehog  is  the  least  modified  and  most  pri¬ 
mitive  type.  The  Shrew  is  the  most  modified,  and  that  mainly  through  dwarfing,  so 
that  some  parts  are  arrested,  and  others  actually  suppressed— as  if  for  want  of  room 
for  them.  They  may  easily  have  arisen  from  one  common  stock,  and  the  Mole  comes 
in  as  a  connecting  link  between  the  well-developed  Hedgehog  and  the  scant  and 
stinted  form  of  the  Shrew.* 

Therefore  we  may  look  for  signs  of  that  peculiar  form  of  degeneration  which  arises 
from  dwarfing.  The  cartilage  may  be  expected  to  be  scanty,  and  the  number  of 
osseous  centres  lessened. 

In  this  ripe  embryo  of  the  Shrew  the  top  of  the  nasal  partition  wall  (Plate  29, 
fig.  7,  s.n.,p.e .)  reaches  half-way  back  to  the  front  of  the  supraoccipital  (s.o.);  at  its  crown 
it  is  much  more  than  half  the  height  of  the  skull :  at  its  base,  from  the  front  of  the 
snout  (al.n.)  to  the  middle  of  the  presphenoid  (y>.s.),  it  is  twice  as  long  as  from  that 
point  to  the  foramen  magnum. 

The  snout,  itself,  has  only  half  the  relative  length  it  will  have  in  ten  or  twelve 
days  —  next  stage  (Plate  29,  figs.  1-4).  The  septum  in  front  is  perforated  and 
circular ;  then  it  narrows  to  half  its  width  in  front,  and  is  narrowest  in  the  front  part 
of  the  true  septal  region,  behind  the  snout,  proper.  Thus  between  the  large  recurrent 
or  Jacobson’s  cartilages  (tc-.c.) t  the  thick  intertrabecular  base  of  the  whole  partition 
wall  (i.tr.)  is  formed  into  a  low  arch,  and  is  especially  thick  where  it  descends  again,  as 
it  passes  backwards  towards  the  presphenoidal  region.  The  thinner,  main  part  of  the 
partition — septum  nasi  ( s.n .),  and  perpendicular  ethmoid  ( p.e .) — is  very  even,  and  forms 
a  low  triangle,  the  hinder  side  of  which  is  the  shortest,  and  is  the  dividing  line 
between  the  two  perforated  (cribriform)  plates  (cr.p.)  ;  that  line  is  a  little  arched,  the 
longer  line  in  front,  towards  the  snout  (al.sp.)  is  first  convex,  and  then  concave  before 

*  The  pygmy  Shrew  ( Sorex  pygmceus ),  is  not  only  the  smallest  British  Mammal ;  it  is  as  nearly  as  may 
be  the  smallest  beast  in  the  whole  Class  of  the  Mammalia. 

t  For  to.c.  read  rex. 
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it  passes  into  the  gently  arched  snout  (cil.n.).  The  basal  cartilage  behind  the  cribriform 
plate  and  nasal  labyrinth  is  thick,  but  from  being  high  and  narrow,  becomes  depressed 
and  broad  ;  thus  the  middle  ethmoidal  region  passes  into  the  short  presphenoidal, 
and  that  into  the  fore  part  of  the  basisphenoidal  territory  ( b.s .).  That  region  is  per¬ 
forated  and  partly  ossified  (see  Plate  30,  fig.  18,  b.s.).  Here  we  meet,  again,  with  the 
open  pituitary  space  which  we  found  in  the  Hedgehog  (Plate  17,  figs.  1,  2,  py.),  but  did 
not  find  in  the  Mole  (Plate  25,  figs.  2,  3).  Behind  that  passage  the  basal  tract  thins 
out,  becomes  gently  concave,  thickens  again,  is  again  ossified,  partly,  as  the 
basioccipital  (6.O.),  and  then  ends,  with  a  narrow  cartilaginous  selvedge,  at  the  foramen 
magnum.  The  primary  fontanelle  is  very  large,  for  the  band  of  cartilage  connecting 
the  great  orbitosphenoidal  wing  (o.s'.)  with  the  equally  large  supra-auditory  tract 
(, s.a.c .)  is  narrow. 

The  upper  orbitosphenoidal  expansion  is  confluent  with  the  nasal  wall  in  front ;  it  is 
sinuous,  notched  in  a  rugged  manner,  above,  and  its  hind  margin,  both  above  and  below 
the  narrow  posterior  band,  is  concave  ;  there  is  no  optic  foramen  through  its  stem.  The 
optic  nerve  passes  through  the  great  sphenoidal  fissure,  in  company  with  the  orbital 
nerves,  as  in  Marsupials.  The  skull  is  unprotected  by  cartilage  for  a  very  large  space 
both  above  and  below  the  narrow  band  ;  for  that  band,  dipping  a  little,  bounds  a  huge 
space  below  of  an  irregularly  oval  shape,  with  its  long  diameter — which  reaches  from 
the  cribriform  plate  to  the  meatus  auditorius  interims  (VII.,  VIII.) — two-fifths  the 
length  of  the  whole  cranial  cavity.  Below,  this  space  is  partly  occupied,  in  front  by 
the  alisphenoid  ( al.s .),  and  behind  by  the  cochlea  (chi.).  The  alisphenoid  (see  also 
Plate  30,  fig.  18,  al.s.)  is  a  small  ear- shaped  tract  of  cartilage,  notched  on  its  hinder 
margin  near  its  upper  angle  for  the  3rd  branch  of  the  trigeminal  nerve  (V3.),  and 
lying  quite  outside  the  plane  of  the  orbitosplienoid. 

Thus  the  optic,  3rd,  4th,  1st  and  2nd  branches  of  the  5th,  and  the  6th 
nerves  all  pass  through  the  gaping  sphenoidal  fissure.  Some  distance  behind  the 
proper  alisphenoid  the  basis  cranii  becomes  alate,  and  that  small  rounded  wing  is  per¬ 
forated  and  has  its  hinder  margin  adapted  to  the  apex  of  the  cochlea,  on  its  inner  side. 
The  posterior  orbitosphenoidal  band  (o.s.)  runs  upwards  and  forms  a  sinuous  ribbed 
edge  to  the  supra-auditory  plate  (s.a.c.),  the  high  upper  margin  of  which  has  a  convex 
outline,  and  passes  into  the  supraoccipital  region  (s.o.),  already  ossifying. 

That  spheno-pterotic  tract  (s.a.c.)  is  as  broad  as  the  inner  face  of  the  huge,  genicu¬ 
late  auditory  capsule  (chi.),  its  hinder  half,  and  the  capsule,  form  the  very  perfect 
semioval  margin  to  the  hinder  part  of  the  great  lateral  fontanelle.  The  archway 
formed  by  the  upper  cartilaginous  wall  (s.a.c.,  s.o.)  for  the  setting  of  the  oblique  upper 
half  of  the  auditory  capsule,  is  much  larger  than  is  needed  for  that  part ;  the  whole 
margin  is  occupied  by  the  large,  and  accurately  semicircular  “  lateral  sinus”  (l.s.). 

There  are  three  arched  and  convex  tracts  to  be  seen  in  the  postero-superior  part  of 
the  auditory  capsule  ;  the  middle  tract  is  nearest  to,  the  hinder  tract  furthest  from, 
the  eye.  The  foremost  arched  convexity  contains  the  anterior  canal  (a.s.c.),  and 
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the  middle  tract,  which  bulges  inwards,  the  “  sinus  ”  or  common  tube  of  the  anterior  and 
posterior  canals.  The  latter  is  in  the  convexity  that  is  just  seen  behind  in  the  great 
space  for  the  lateral  sinus  ;  the  hollow  oval  space  between  the  first  and  second 
arched  convexity  is  for  the  “  flocculus  cerebelli.”  Where  the  antero-inferior  and 
postero-superior  regions  of  the  capsule  meet,  there,  above,  the  inner  and  outer  openings 
of  the  short  tunnel  for  the  portio  dura  (VII.)  are  seen. 

Below  these  holes  the  perforations  for  the  portio  mollis  (VIII.)  are  seen  in  the 
short  arched  meatus  internus,  and  the  space  between  the  capsule  and  the  basi- 
occipital  leads  to  the  foramen  lacerum  posterius.  There  the  outline  of  the  capsule  is 
gently  concave ;  in  front  of  that  part  it  swells  again  with  the  coils  of  the  cochlea 
(chi.),  and  behind  it  with  the  galleries  of  the  vestibule  (■ vh .).  The  halved  occipital 
arch  is  much  narrower  than  the  capsule  in  front  of  it ;  we  see  tire  supraoccipital  ( s.o .) 
and  the  exoccipital  (e.o.)  already  large  centres  ;  the  condyloid  foramen  (XII.)  and 
the  articular  condyle  ( oc.c .)  are  both  clearly  seen  in  this  view. 

The  investing  bones  are  rapidly  forming;  the  nasal  (n. )  above  the  septum,  and  the 
vomer  (v.)  below;  and  the  maxillary  and  palatine  (mx.  pa.)  below  the  nasopalatine 
passage  ( n.p.c .)  are  seen  edge-wise. 

The  frontals  (/.)  are  no  larger  than  those  of  a  Snake,  but  the  parietals  (p.)  are 
very  large  ;  and  project  from  the  outside,  at  the  upper  third  of  the  front  lateral 
fontanelle,  yet  they  fail  to  meet  the  small,  low-lying  squamosals  (sq.),  and  there, 
between  them  and  behind  the  alisphenoid,  there  is  a  large  pyriform  tract  entirely 
unsupported,  either  by  cartilage  or  bone. 

In  a  dissection  of  the  basis  cranii  at  this  stage,  seen  from  below  (Plate  30,  fig.  18), 
we  get  further  light  upon  the  parts  just  described  as  seen  in  the  inside  of  a  halved 
skull.  The  cartilage  of  the  snout  (al.n.)  is  represented  in  this  figure  as  detached 
from  the  sides  and  roof  of  the  septal  region,  but  having  the  inferior  tracts  that  grow 
from  it,  namely,  the  recurrent  cartilages  ( rc.c .)  attached.  These  remarkable  capsules, 
that  contain  Jacobson’s  organs,  arise  as  aim  from  the  base  of  the  septum  in  the  lower 
and  hind  part  of  the  snout,  then  expand  into  horizontal  laminae,  and  then  form  a  hook 
round  the  opening  of  Jacobson’s  organ,  enclose  it  entirely  for  a  short  distance,  and 
then  only  on  the  internal  and  lower  side,  thus  forming  a  long  cochleariform  tract 
which  reaches  half-way  to  the  pituitary  space  (py.).  On  the  inside  of  these  cartilages 
the  palatine  processes  of  the  premaxillaries  (p.px.)  run  ;  they  are  thin  vertical  plates, 
and  show  no  separate  antero-lateral  vomer  attached  to  them.  The  Mole  has  the  same 
deficiency. 

The  vomer,  proper,  (v.)  is  long  and  normal ;  it  is  pointed  in  front,  and  slightly  split 
behind.  Behind  the  sheathing  vomer  the  intertrabecular  bar  widens,  it  is  first 
ethmoidal  (p.e.)  and  then  becomes  the  presphenoid  ( p.s .). 

On  each  side  I  have  figured  the  hind,  closing  part  of  the  lateral  ethmoidal  regions 
(nf.) ;  the  primary  form  of  the  so-called  “sphenoidal  sinus,”  which  has  wedged  in 
here  between  the  alisphenoid  (al.s.)  and  the  base  of  the  great  orbitosphenoidal  tracts 
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(as.).  The  narrow  stalk  of  these  great  leafy  growths  of  cartilage  is  out  of  sight ;  it  is 
imperforate.  A  true  Insectivorous  diagnostic  is  seen  in  the  sudden  widening  of  the 
basisphenoidal  region  ( b.s .),  which  is  fee  times  as  long,  and  three  times  as  wide  as  the 
presphenoid,  and  has  an  open  pituitary  space  ( py .)  in  its  middle,  in  which  it  agrees 
with  the  Hedgehog  and  differs  from  the  Mole.  Around  this  hole  the  bony  basi- 
sphenoid  (b.s.)  is  forming  ;  it  is  circular  at  present.  The  alisphenoids  (al.s.)  are  small 
ear-shaped  tracts  of  no  greater  extent  than  the  cochleae  (chi.),  and  having  an  oblique 
position,  they  look  forewarcls  as  well  as  outwards,  and  are  quite  outside  the 
plane  of  the  orbitosphenoids.  A  round  notch  is  seen  between  them  and  the  base,  in 
front;  they  are  gently  sinuous  in  front  and  on  the  outside,  whilst,  behind,  they  have  a 
deep  notch  for  the  3rd  branch  of  the  5th  nerve  (V3.)  near  their  outer  angle.  The  base  is 
clear  of  all  alate  growths  in  its  middle  part,  but,  behind,  it  gives  off  a  small  perforated 
crescentic  wing  which  is  applied  to  the  fore  end  of  the  cochlea  (chi.) ;  this,  however,  is 
soon  lost,  and  the  tympanic  wing,  so  characteristic  of  the  typical  Insectivore,  is 
aborted.  The  spheno-occipital  region  of  the  basis  cranii  is  elegantly  cut  away, 
so  to  speak,  to  let  in  the  rounded  apex  of  the  cochlea,  right  and  left.  The  basi- 
occipital  centre  ( b.o .),  nearly  reaches  the  foramen  magnum,  and  is  growing  fast 
towards  the  lateral  notches  ;  it  is  polygonal  and  reptilian.  A  superficial  tract  of 
cartilage  and  of  bone,  forming  the  pterygoid  (pg.c.,pg.)  is  shown  attached  to  the  base 
of  the  skull.  The  visceral  arches  are  well  developed.  I  have  figured  the  upper  part 
from  the  inner  side  (Plate  30,  fig.  16)  of  the  tympanic  region.  The  malleal  end  of 
Meckel’s  cartilage  (mJc.)  shows  a  well  formed  head,  a  deep  and  wide  tract  beyond 
the  articular  facet,  a  very  large  “ posterior  angular  process”  and  a  short  straight 
“internal  angular  process,”  or  manubrium  (m.ml.).  The  annulus  (a.ty.)  is  already  a 
considerable  crescent  of  bone.  The  incus  (i.)  is  quite  normal  and  wTell  developed, 
and  so  is  the  stapes  (st. ),  the  base  of  which  looks  towards  the  eye  in  this  figure. 

Ossification  has  begun  in  the  perichondrium  of  the  neck  of  the  malleus  (ml.),  below  ; 
it  is  a  thin  ectosteal  tract. 

Third  Stage. —  Young  Shrews  (Sorex  vulgaris)  from  the  nest ;  10  or  12  days  old  ; 
and  measuring  1^  inch  in  length,  from  snout  to  root  of  tail. 

The  dissected  skull  at  this  instructive  stage,  in  its  upper  view  (Plate  29,  fig.  l), 
shows  a  cartilaginous  snout  (al.n.),  nearly  as  long  as  the  long,  and  relatively  large 
nasals  (n.).  The  nostrils  (e.n.)  are  sublateral,  and  the  snout  itself  is  narrow  at  first, 
and  then  widens  so  as  to  become  ventricose  where  it  passes  under  the  investing  bones. 
Those  bones  are  very  thin  at  present,  and  show  the  elegant  radiating  lines  of  growth. 
The  premaxillaries  (pa,.)*  run  well  up  the  face,  wedging  in  between  the  much  larger 
maxillaries  (rnx.)  and  the  nasals  (n.)  ;  these  two  pairs  of  bones  run  backwards  to  about 
the  same  extent  at  present,  widening  backwards.  The  small,  almost  Ophidian  frontals 

*  Forjja.  read  px. 
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(f)  are  much  shorter  than  the  nasals  and  about  twice  as  broad  on  their  upper  face; 
that  face  is  only  one-third  as  large  as  that  of  the  parietals,  which  are  very  large,  have 
a  strongly  marked  umbo,  the  primary  centre,  and  have  a  small  diamond-shaped 
fontanelle  between  them  and  the  frontals  in  which  the  coronal,  sagittal,  and  frontal 
sutures  meet.  These  bones  elbow  outwards,  strongly,  over  the  temporal  region,  and  lie 
well  over  the  squamosals  ( sq .),  which  are  scarcely  visible  in  this  aspect.  Behind,  the 
parietals  are  largely  suppressed,  a  space  (fontanelle)  existing  there  almost  equal  to  a 
whole  parietal ;  this  is  beginning  to  be  filled  in,  behind,  by  a  bow-shaped  band  of  bone, 
the  interparietal  {ip),  which  forms  a  transversely-long  beading  to  the  well  ossified 
and  extensive  supraoccipital  bone  (s.o.). 

The  side  view  (Plate  31,  fig.  10)  shows  the  form  and  relations  of  the  parts  just 
described,  and  many  other  things  besides.  The  snout  ( al.n e.n.)  is  largely  arched, 
and  reaches  half-way  to  the  middle  of  the  badly-defined  orbit.  Under  the  long  thin 
nasals  (n. )  the  premax  diaries  and  maxillaries  ( px .,  mx.)  are  seen  to  form  large  thin- 
walled  troughs,  for  the  huge  tooth-pulps  ;  through  which  the  sharp,  red  cusps  shine, 
ready  to  cut  the  gums. 

In  front  of  the  orbit  there  is  a  process  of  the  maxillary  which  is  beginning  to  form 
the  nerve  channel,  but  no  separate  malar  bone  ;  in  an  emargination  of  the  maxil¬ 
lary,  above,  a  small  lachrymal,  with  its  canal  (l.,  lc),  is  seen. 

The  roof  plate  of  the  frontal  (f)  becomes  convex  at  its  edge,  and  then  dips  suddenly 
to  form  the  thin,  vertical  orbital  plate,  under  which  the  small,  but  bulging,  alisphenoid 
(fig.  11,  cd.s.)  can  be  seen  ;  the  orbitosphenoid  is  hidden  by  it,  and  by  the  frontal,  in 
this  aspect.  The  lateral  extent  of  the  frontal  is  only  half  that  of  the  parietal,  wdiich 
is  a  wall,  in  this  case  as  much  as  in  our  own  skull.  It  lies  over  the  frontal  somewhat 
at  its  antero -inferior  angle,  close  behind  the  coronoid  process  of  the  lower  jaw  (c.p). 
Large  as  is  the  parietal,  it  has  two  gi’eat  deficiencies  or  emarginations,  one  above, 
already  described,  and  one  along  the  hinder  half  of  its  lower  margin.  In  this  aspect 
we  see  the  squamosal  (sq.)  in  its  whole  extent ;  and  much  as  this  bone  is  modified  by 
the  dwarfing  of  the  skull,  generally,  it  is  normally  Mammalian.  It  lies  quite  down  at 
the  lower  edge  of  the  skull,  rising  somewhat  wdiere  it  forms  an  abortive  zygomatic 
process,  in  front  of  the  condyloid  facet  (< cdp .).  The  first  two-thirds  of  the  upper  edge 
is  concave  where  it  fits  over  the  lower  edge  of  the  parietal,  and  the  last  third  is 
emarginate  when  it  overlaps  the  prootic  plate  ( pr.o'.).  Behind,  it  intend igitates  with 
that  plate  in  some  degree.  The  postero-inferior  margin  is  convex,  for  a  short  extent, 
and  then  the  lower  edge  looks  quite  straight,  but  is  only  partially  seen,  being  curved 
inwards  (Plate  29,  fig.  2,  sq.).  Under  the  squamosal,  the  tympanic  ( a.ty .)  is  just  seen, 
and  under  the  face  the  characteristic  mandible.  This  latter  structure  for  its  fore 
two-tliirds  is  a  thin  tooth-trough,  behind  which  the  large,  elegant  coronoid  process 
(c.p.)  ascends,  vertically  ;  its  fore  edge  is  two-thirds  as  long  as  the  dentary  part  of  the 
ramus.  The  condyloid  process  (cd.p),  on  the  other  hand,  is  very  short ;  looks  down¬ 
wards  and  backwards,  covered  wfith  its  cartilaginous  coat.  The  angular  process  (agp) 
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is,  in  the  Shrews,  very  long  and  very  slender,  it  runs  backwards  and  a  little  inwards. 
Some  parts  of  the  endoskeleton  are  best  seen  in  this  outer  side  view ;  especially  the 
prootic  plate  ( pr.o '.)  and  the  proper  mastoid  region.  The  prootic  plate,  which  takes  the 
work  here  of  the  “sphenotic  and  pterotic”  of  Fishes,  and  does  but  little  of  its  own,  is  a 
large  shield-shaped  ossification  of  the  supra-auditory  region  of  the  cartilaginous  endo- 
cranium.  Its  arched  top  does  not  yet  reach  the  emargination  in  the  parietal,  nor 
the  lateral  sinus  (s.c.),  which  now  forms  an  elegant  bow  over  the  side  skull,  inside 
the  parietal  for  the  most  part,  but  exposed,  behind.  The  roughly  dentate  lower 
hinder  edge  of  the  prootic  plate  overlaps  the  ampulla  of  the  anterior  canal  ( a.s.c .)  and 
in  some  degree  that  of  the  horizontal  canal  ( h.s.c .) ;  then  this  bone  meets  with  the  very 
extensive  opisthotic  (at  h.s.c.).  That  bone  can  be  seen  behind  the  tympanic  ( ct.ty .),  and 
also  creeping  over  the  junction  of  the  anterior  and  posterior  canals  (a.s.c., p. s.c.);  much 
of  that  part  of  the  capsule  (epiotic  region)  is  still  cartilaginous  ;  there  is  no  appearance 
of  a  distinct  epiotic  bony  centre.  Part  of  the  interparietal  (i.p.)  is  seen  in  front  of  the 
supraoccipital  (s.o.),  and  the  occipital  arch  is  seen  edge- wise  ;  there  is  still  cartilage 
between  the  supra-  and  exoccipitals  (e.o.)  and  the  latter  run  up  to  the  auditory  capsule, 
without  forming  any  definite  paroccipital  process  ;  the  condyle  ( oc.c .)  is  very  large,  and 
looks  obliquely  downwards  and  outwards.  The  whole  hind  skull  is  gently  convex  and 
very  similar  to  that  of  the  Mole,  with  which  it  agrees  in  having  the  large  prootic  plate. 

The  lower  view  (Plate  29,  fig.  2)  shows  the  large  alveolar  grooves,  overfull  of  tooth - 
pulps,  with  cusps  cutting  the  gums  ;  thus  the  marginal  part  of  the  premaxillaries  (px.) 
as  well  as  of  the  maxillaries  (mx.)  is  very  wide  and  bulbous,  The  palatine  processes 
of  the  premaxillaries  are  very  long  and  slender,  and  continuous  with  each  anterior 
paired  vomer,  right  and  left.  The  palatine  plate  of  the  maxillaries  is  large,  and  twice 
the  extent  of  that  of  the  palatines  (pa.) ;  the  suture  between  these  four  plates  is 
arched  forwards,  and  the  fore  margin  of  each  palatine  is  deeply  notched  ;  there  the 
anterior  palatine  foramen  is  open  in  front. 

The  merely  vertical  and  upper  part  of  the  palatines  is  short  and  swollen,  and  the 
similar  tracts  formed  by  the  pterygoids  (pg.)  are  swollen  also;  the  hamular  processes 
are  small,  but  sharp ;  they  have  used  up  the  primary  cartilaginous  nucleus.  Of  the 
other  investing  bones  to  be  seen  in  this  aspect  the  squamosals  (sq.)  are  the  most 
striking ;  they  are  much  larger  than  they  seem  to  be  from  the  side  view,  being  curled 
round  under  the  side  of  the  skull  in  a  remarkable  manner.  The  postglenoid  region  is 
very  large;  the  preglenoid  a  short  free  spike;  the  glenoid  facet  (gl.c.)  looks  forwards 
and  a  little  inwards,  and  is,  at  present,  a  continuous  selliform  facet  to  the  wide,  thick 
infero-anterior  lobe  of  the  bone.  Inside  the  hinder  portion  of  the  squamosal,  the 
annulus  tympanicus  (a.ty.)  is  seen  as  a  relatively  large,  very  thin,  imperfect  ring  of 
bone,  bending  upon  the  emerging  primary  mandible— Meckel’s  cartilage  {ink.) — and 
supporting  a  wide  membrana  tympani  (m.ty.) ;  the  hinder  crus  has  a  widened  part  or 
blade  at  its  free  end,  and  the  fore  end  is  dilated,  but  to  a  less  degree.  The  vomer  (v.) 
is  seen  in  its  hind  part,  with  its  forks,  supporting  the  perpendicular  ethmoid  (p.e.). 

2  D  2 
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Between  the  forks  of  the  main  vomer  (v.),  behind  the  middle  ethmoid  (_p.e.)  a  small, 
thick  crescent  of  bone  is  seen  lying  crosswise  with  its  convexity  forwards  ;  this  is  the 
independent  presphenoid  (_p.s.),  a  bone  not  found  in  the  Hedgehog  and  Mole.* 

On  this  face  the  orbitosphenoids  are  not  seen,  or  very  slightly  (see  figs.  3,  4,  o.s .) ; 
the  basisphenoid  ( b.s .)  is  separated  from  the  presphenoid  by  a  broad  tract  of  cartilage ; 
the  bony  tract  is  four  times  as  long  as  that  synchondrosis,  and,  in  front,  three  times  as 
wide.  Behind,  it  is  twice  as  wide,  and  so  also  is  the  spheno-occipital  dividing 
cartilage ;  this  is  also  somewhat  more  extended,  axially,  than  the  front  tract.  Here 
we  have  the  abortive  development  of  the  large  diagnostic  Insectivorous  basisphenoid ; 
it  is  very  large,  has  stout  shoulders,  on  which  the  alisphenoids  ( al.s .)  rest,  but  it  is  not 
specialised  for  pneumatic  purposes.  The  anterior  fissura  lacera  ends  in  the  rounded 
notch  between  the  forwardly-thrust  alisphenoid,  and  the  narrow  anterior  synchondrosis. 
These  parts  will  be  understood  better  when  we  come  to  the  clisinvested  endocranium 
(figs.  3,  4) ;  so  also  will  the  occipital  arch  and  the  auditory  capsule. 

The  side  view  (Plate  31,  fig.  10)  is  still  more  intelligible  when  the  divided  skull 
is  seen  from  the  inside  (fig.  11) ;  this  also  gives  us  one  of  the  three  views  of  the  endo¬ 
cranium,  as  distinct  from  its  ectocranial  investing  scale-bones. 

This  view  of  the  skull  of  a  Shrew,  about  the  twelfth  night  after  birth,  should  be 
compared  with  the  counterpart  figure  of  the  skull  of  the  ripe  embryo  (Plate  29,  fig.  7) ; 
thus  the  decadence  of  the  deep  chonclro cranium  and  the  development  of  the  superficial 
elements  of  the  ectocranium  will  be  understood.  Measured  along  the  basal  line,  the 
septal  and  ethmoidal  (continuous)  regions  of  cartilage  are  five- sevenths  the  length  of  the 
whole  axial  tract  from  the  fore  end  of  the  snout  to  the  foramen  magnum ;  at  birth 
that  fore  part  was  two-thirds  the  whole  length.  It  is  the  snout  which  has  lengthened 
most  (relatively),  as  if  to  form  a  proboscis ;  but  there  is  no  segmentation  of  the  car¬ 
tilage  enclosing  the  double  tube.  The  basal  line  of  the  snout  is  strongly,  that  of 
the  septo-ethmoidal  region  feebly,  arched  ;  nearly  all  the  thick  basal  part  is  due  to  the 
development  of  that  azygous  median  prepituitary  (=  pro-chordal)  rod,  the  inter¬ 
trabecula  ;  for  the  trabeculae  and  cornua  trabeculae  run  but  a  short  distance  forwards  and 
only  meet  at  the  mid-line  in  the  region  immediately  in  front  of  the  sella  turcica. 
Thus  the  middle  element  of  the  cranial  fore-growths  is  as  large  as  in  the  Selachian 
Fishes  and  the  embryo  Bird.  The  foremost  part  of  the  septum  (s.n.)  is  perforate — a 
very  common  thing  in  Mammals,  the  alee  nasi  throwing  themselves  out  from  the  middle 
wall,  in  forming  the  valvular  nostrils.  Up  to  the  anterior  palatine  foramina  this  wall 
is  very  low  ;  it  then  gently  rises  up  to  the  top  of  the  rhinencephalic  fossae,  with  the 
cribriform  plate  ( cr.p .)  as  its  floor;  there  is  no  crista  galli  projecting  from  the  obtuse 
angle  from  which  the  great  partition  descends,  twice  as  rapidly  as  it  ascended,  until  it 
reaches  the  presphenoidal  bony  centre  ( p.s .). 

The  fan-shaped  upper  part  of  the  great  orbitosphenoid  of  the  embryo  (Plate  29, 

*  We  stall  see  this  again  in  ffliynchocyon ;  and  it  is  also  present  in  some  of  the  lesser  Rodents  (at  any 
rate  in  Arvicola,  Mus,  Ac.).  Nevertheless,  it  is  a  Marsupial  character. 
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fig.  7,  o.s.)  is  now  much  lessened  (Plate  31.  fig.  11,  o.s.) ;  its  posterior  band  has  been 
absorbed,  leaving  only  a  point  to  the  hind  corner  of  the  wing ;  the  hind  edge  is  now 
ossified  as  the  narrow  orbitosphenoidal  centre. 

The  oblique,  notched,  anteriorly-placed  alisphenoid  (al.s.)  is  only  partly  seen  in  this 
view,  because  of  its  great  out-thrust ;  its  base  ( b.s .)  and  the  basioccipital  ( b.o .)  are  seen 
to  be  rather  thick  plates  of  bone.  The  other  elements  of  the  occipital  arch  ( s.o .,  e.o .) 
are  set  in  a  crescent,  whose  convexity  looks  backwards ;  all  the  synchondroses  are 
large,  as  yet. 

There  are  only  two  periotic  bony  centres — the  prootic  ( pr.o '.)  which  forms  the 
curious  wall-plate,  and  the  opisthotic,  which  builds-in  the  labyrinth. 

The  mastoid  region  behind,  enclosing  the  posterior  canal  (p.s.c.),  and  the  arch  of  the 
anterior  canal  (a.s.c.)  are  still  invested  with  cartilage,  but  the  common  sinus,  behind 
the  cerebellar  fossa,  has  a  bony  inner  wall.  Everything  in  this  skull,  as  in  that 
of  the  Mole,  conforms  to  the  dominant  idea  of  a  skull  to  be  manipulated,  so  to  speak, 
into  a  smooth,  elongated  borer,  so  that  it  may  resemble  the  head  of  a  Weevil  ( Curculio ). 
Thus  all  the  investing  bones  are  thin,  gently  convex,  and  so  imbricated  as  to  thrust 
out  no  projecting  points,  externally. 

This  section  shows  the  nasal,  frontal,  parietal,  and  interparietal  (n.,f,  p.,  i.p.)  above  ; 
and  the  premaxillary,  maxillary,  palatine,  pterygoid,  and  tympanic  (px.,  mx.,  pa. ,  prj. , 
a.ty.),  below.  Infero-laterally,  the  trough-shaped  squamosal  (sq.)  is  seen  from  the 
inside  as  a  narrow  tract,  arched  above,  but  not  reaching  the  rounded  lower  edge  of  the 
parietal,  and  the  concave  edge  of  the  latter  fails  to  reach  the  arched  top  of  the  prootic 
plate,  thus  there  is  a  considerable  lateral  fontanelle  or  part  formed  of  membrane  only. 
Near  the  lower  edge  of  the  parietal,  the  lateral  sinus  (s.c.)  throws  its  elegant  arch 
over  the  inside  of  the  skull,  from  the  auditory  capsule  to  the  orbitosphenoid. 

When  the  endocranium  is  seen  divested  of  nearly  all  its  investing  bones,  from 
below  (Plate  29,  fig.  4),  we  have  what  seems  to  be  a  remarkably  imperfect  skull,  even 
considered  as  a  basin,  and  not  as  a  box.  What  we  see  is  a  remarkable  result  of 
dwarfing  and  elongation ;  there  is  a  thrifty  use  of  every  kind  of  skeletal  material,  and 
the  substances  used  have  been  thinned  out  as  far  as  could  be  done  safely.  Yet  the 
skull  of  a  Child  at  the  same  stage,  similarly  prepared,  would  show  the  same  elements 
disposed  in  a  similar  manner,  and  there  would  be  little  difficulty  in  recognising  most 
of  the  homologous  parts. 

The  conchoidal  narial  region  (e.n.,  al.n.),  right  and  left,  and  the  fluted  double  nasal 
tube,  are  seen  to  form  a  very  perfect  cartilaginous  structure  up  to  the  part  where  the 
dentary  region  of  the  premaxillaries  is  attached.  There  the  floor  is  cut  away  in  a 
rounded  manner,  and  the  nasal  labyrinth  is  open  below,  almost  to  its  end,  where  its 
moieties  do  close  in,  independently  of  each  other,  right  and  left  of  the  forks  of  the 
vomer  ( al.e .,  v.).  This  open  region  begins  by  forming  the  long  retral  tracts  that  help 
to  encapsule  Jacobson’s  organs  (figs.  4,  5,  rc.c.,j.o.)  ;  there  is  no  Mammal  in  which  I 
have,  as  yet,  been  able  more  satisfactorily  to  work  out  these  parts  than  in  this  young 
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Shrew ;  and  this  both  in  the  dissections  (Plate  29,  figs.  4,  5),  and  the  sections 
(Plate  30). 

Where  the  perfect  narial  floor  ends,  there  on  each  side  of  the  intertrabecular  base  of 
the  septum  (Plate  29,  figs.  4,  5,  s.n.),  a  gradually  increasing  wing  is  given  off,  which,  on 
reaching  the  notch  in  the  premaxillary — between  the  dentary  margin  and  the  palatine 
process — at  once  expands,  hooks  itself  round  the  front  of  the  opening  of  Jacobson’s 
organ,  and  then  completely  surrounds  that  organ  for  a  short  distance.  The  rest  of 
the  cartilage  is  like  the  bowl  of  a  spoon,  and  protects  the  organ  infero-externally. 
Along  the  inside  of  each  retral  tract  the  palatine  process  of  the  premaxillary  (p.px.) 
runs  as  a  vertical  lamina,  connate,  apparently,  as  in  the  Mole,  with  the  anterior 
paired  vomers.  Between  the  hinder  third  of  these  laminae  the  fore  part  of  the  long, 
normal,  main  vomer  (v.)  is  seen.  The  inferior  turbinal  is  developed  from  the  inside  of 
the  lower  edge  of  the  nasal  wall  ( al.sp .)  ;  the  upper  and  middle  turbinals  (fig.  4, 
al.e.,  m.tb.)  from  the  inner  face  of  the  capsule  in  its  dilated  part.  There,  for  some 
distance,  the  floor  is  very  deficient,  the  wall,  simply  bending  inwards,  with  a  sinuous 
selvedge  underneath  ;  at  the  end  it  finishes  in  a  sort  of  pouch,  right  and  left  of  the 
forks  of  the  vomer. 

Where  a  kind  of  secondary  desmog  natliism  is  made  bj7  the  vomer  (as  in  Passerine 
Birds),  there  a  small  oblong  tract  of  bone  runs  in  between  the  main  vomer  and  the 
ossifications  already  forming  in  the  nasal  wall  and  floor ;  these  little  bones  are  the 
posteriorpaired  vomers  (v" .).  Behind  the  short  exposed  tract  of  the  perpendicular 
ethmoid  (p.e.)  the  small  crescentic  presphenoid  ( p.s .)  is  seen,  with  its  concavity  looking 
backwards  ;  a  tract  of  cartilage,  larger  than  this  bony  centre,  separates  it  from  the 
next  bony  tract — the  basisphenoid  ( b.s .). 

The  semiosseous  orbitosphenoids  are  partly  hidden  in  this  view,  but  are  fully  shown 
in  the  upper  (fig.  3).  The  posterior  sphenoid  is  well  displayed  in  this  aspect.  The 
basal  bone  (b.s.)  is  inordinately  large  for  a  Mammal,  but  small  and  aborted  for  an 
Insectivore.  It  is,  roughly,  an  equilateral  triangle,  with  its  hinder  angle  truncated, 
and  its  anterior  side  transverse  to  the  cranial  axis ;  the  imperfect  lateral  margins  are 
sinuous,  so  that  there  is  a  rounded  lobe  at  each  angle;  this  is  the  arrested  “  tympanic 
wing.”  The  alisphenoids  (al.s.)  are  sutured  to  the  fore  edge  of  this  lobe,  right  and 
left,  and  run  forwards  and  a  little  outwards ;  their  rounded  fore  angle  is  not  quite 
ossified. 

Each  bone  is  a  rough,  notched,  snaggy  wedge  ;  the  notch  is  on  the  outer  margin, 
just  a  little  in  front  of  the  projecting  hinder  angle  or  lobe.  This  is  the  imperfect 
foramen  ovale  (V3.) ;  it  is  a  large  vacuity,  as  seen  from  below.  The  scarcely  ossified 
fore  end  is  rounded  on  its  inside  ;  it  reaches  to  the  middle  of  the  incurved  nasal 
floor  (cd.e.)  much  beyond,  and  some  distance  below,  the  orbitosphenoid  (o.s.) ;  the 
inner  margin  is  notched  both  at  this  front  part  and  at  the  hinder  third.  There  is  a 
considerable  membranous  space  between  the  alee  and  the  narrow  fore  part  of  the  base, 
right  and  left. 
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Then  there  comes,  behind  and  outside  the  posterior  sphenoid,  a  very  large  space,  in 
the  dissected  endocranium,  which  in  the  perfect  skull  (fig.  2)  is  only  partly  filled  in 
by  the  squamosal  ( sq .).  This  was  the  case  very  remarkably  even  in  the  skull  of  the 
embryo  (fig.  7),  but  the  auditory  capsule  has  not  grown  so  much,  since,  as  the  rest  of 
the  skull  and  snout  (figs.  3,  4) ;  it  scants  very  much  towards  the  great  semicircular 
space  developed  for  its  reception.  The  small  perforated  ala  of  cartilage  seen  in  the 
embryo  growing  right  and  left,  from  the  basisphenoidal  region  (Plate  29,  fig.  7  ;  and 
Plate  30,  fig.  18),  and  coiling  round  the  front  of  the  cochlea — helping  to  complete  the 
setting — is  now  absent ;  it  has  evidently  been  used  up  in  the  ossification  of  the 
cochlea  (chi.) ;  it  now  exists  as  the  toothed  rim  of  its  semicircular  fore  part.  There 
is  still  some  cartilage  between  the  prootic  plate  ( pr.o '.)  and  the  main  part  of  the 
capsule  ;  and  also  behind  the  bony  top  of  the  epihyal  (, e.hy .),  as  well  as  on  the  inner- 
face,  above  (Plate  31,  fig.  11).  The  coils  of  the  cochlea  (chi.),  the  fenestra  ovalis  and 
fenestra  rotunda  (fs.o.,  f.r.),  and  the  great  fissure  widening  for  the  exit  of  the  9th 
and  10th  nerves  (IX.,  X.)  are  clearly  seen  in  this  lower  view. 

The  wide  basioccipital  (b.o.)  with  its  semicircular  notch  in  front  of  the  foramen 
magnum;  the  large  reniform  condyles  (oc.c.)  ;  the  exoccipitals  ( e.o .)  separated  by  a 
large  tract  of  cartilage  from  the  base,  and  that  tract  perforated  by  the  12th  nerve 
(XII.),  are  also  shown.  There  is  scarcely  any  paroccipital  ridge  to  the  exoccipital 
bone,  which,  above,  is  separated  by  a  definite  tract  of  cartilage  from  the  large,  shield- 
shaped  supraoccipital  (s.o.). 

In  the  upper  view  (Plate  20,  fig.  3)  the  nasal  labyrinth  is  complete  (al.n.,  al.sp., 
al.c.),  and  ends  above,  as  below,  in  a  rounded  lobe  right  and  left.  The  fluted  top  part 
is  very  uniform  up  to  the  proper  olfactory  region  ;  that  region  is  ossifying,  rapidly,  in 
its  middle.  The  grooved  top,  formed  by  the  septum  ( s.n .)  does  not  end  in  a  car¬ 
tilaginous  crista  galli  ;  from  the  median,  notched  part  the  margin  of  the  nasal  roof  is 
first  concave,  and  this  swells  into  the  lateral,  terminal  convexity. 

The  great  perforated  floor,  or  lamina  cribrosa  (cr.p.),  has,  outside,  a  sublobate  edge  ; 
the  rest  is  evenly  semicircular ;  more  than  half  of  the  plate,  with  the  top  of  the 
perpendicular  ethmoid,  is  ossified.  In  this  curiously  scanted  skull  there  is  a  con¬ 
siderable  membranous  space  between  the  cribriform  plate  and  the  orbitosphenoid  ; 
these  tracts  (o.s.)  are  remarkable  in  several  ways,  and  are  almost  the  least  normal  of 
any  I  have  yet  seen  in  the  Eutheria.  The  top  part  is  still  fan-shaped,  but  the  whole 
of  the  large  posterior  band  (see  fig.  7,  o.s.)  is  gone.  The  sharp  angle  left  is  now 
ossified  separately  (o.s'.),  and  the  stem  (o.s.)  is  also  bony ;  it  does  not  reach  more 
than  two-thirds  of  the  way  to  the  upper  margin  of  the  wing.  The  lower  end  is 
pedate,  and  is  beginning  to  form  a  suture  with  the  base  (p.s.) ;  it  is  then  reduced  to 
a  mere  rod,  which  curves  forwards  and  backwards  twice,  becoming  flat,  but  still  narrow, 
above. 

There  is  no  optic  foramen,  as  in  Marsupials ;  but  in  front  of  the  main  bar,  below  its 
middle,  there  is,  in  a  notch,  a  separate  spicule  of  bone  (o.s".),  a  third  bony  centre  to 
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this  abortively  developed  orbitosphenoid.  The  sphenoidal  fissure  is  a  long  space 
under  the  orbitosphenoidal  bar,  and  over  the  alisphenoid ;  through  it,  not  only  the 
orbital ,  but  the  optic,  nerves  also  pass.  The  hinder  half  of  the  alisphenoid  (al.s.) 
only  can  be  seen  in  this  view ;  the  bone  is  twisted  over  the  notch  for  the  3rd 
branch  of  the  trigeminal  (V3.).  The  notches  and  shoulder  of  the  basisphenoid  ( b.s .) 
are  well  seen  ;  there  is  scarcely  any  sellar  concavity  on  its  upper  face.  Much 
cartilage  is  still  seen  in  the  synchondrosis  between  the  two  basal  bones  and  between 
the  elements  of  the  occipital  arch;  and  also,  above,  wdrere  the  auditory  and  supra- 
occipital  regions  unite.  The  cartilage  in  the  auditory  recesses  (see  Plate  31,  fig.  11, 
a.s.c.,  p.s.c .)  are  scarcely  visible  in  this  aspect,  but  the  capsule  appears  to  be  almost 
wholly  ossified ;  the  base  of  the  floccular  recess,  the  holes  for  the  portio  mollis 
(VIII,),  and  the  bridge  under  which  the  portio  dura  (VII.)  runs,  are  well  seen. 
In  front  of  the  very  shallow  meatus  interims  the  capsule  sends  forwards  a  bony  snag, 
which  helps  the  toothed  rim  of  the  cochlear  region  to  give  some  bony  support  to 
the  largely  membranous  region  in  front  of  it. 

Third  Stage  (continued). — Dissections  of  the  visceral  arches  of  the  young  Shrew. 

I  have  not  figured  the  fore  half  of  Meckel’s  cartilage,  which  still  persists,  not 
larger,  but  not  evidently  lessened,  inside  the  lower  jaw  (see  Plate  29,  fig.  2).  Towards 
the  malleus  (Plate  29,  fig.  6,  ink.)  it  is  seen  as  a  solid  terete  rod,  having  a  bony  style 
supporting  it  further  forwards  than  the  manubrium  (mb.)  extends.  But  that  primary 
style  of  bone  has  grafted  itself  upon,  and  set  up  extensive  ossification  in,  the  head  of 
the  malleus  (ml.).  This  rambling  bony  tract  has  forced  its  way  down  to  the  neck  of 
the  manubrium,  but  has  left  a  large  core  of  cartilage  in  the  middle  of  the  head. 
The  partly  bony  head  of  the  malleus  is  quite  normal,  and  has  the  tensor  tympani 
( t.t.m .)  attached  to  its  inner  face  ;  but  the  manubrium  and  the  posterior  angle  of  the 
part  from  which  it  springs  are  very  remarkable.  The  slender  manubrium  looks  like 
the  tube  of  a  retort,  the  bulb  of  which  is  imitated  by7  the  angle ;  the  main  part  of 
the  head  projects  well,  backwards,  below  the  articular  facet ;  the  bony  matter  then 
forms  a  ring  round  a  contracted  tract,  or  waist ;  from  this  part  the  bulbous  tract  hangs, 
so  to  speak.  Thus  the  bulbous  head,  the  enlarged  body,  and  the  subglobular 
“angle”  form  three  enlargements,  all  in  one  line,  and  that  at  a  right  angle  to 
Meckel’s  cartilage,  and  to  the  manubrium.  The  incus  (i.)  is  rather  small,  and  its 
articulation  with  the  malleus  is  becoming  indistinct;  the  short  crus  ( s.c.i .)  is  very 
short;  the  long  crus  ( l.c.i .)  is  rather  longer  than  ordinary;  the  head  is  unossified,  and 
so  also  is  the  inturned  orbicular  facet. 

The  stapes  (st.)  is  large,  relatively,  and  has  a  perfectly  stapedial  shape ;  it  is  nearly 
all  bony,  the  top  and  base  being  still  soft ;  I  could  not  find  any  separated  interhyal 
in  the  tendon  of  the  stapedius  muscle  ( st.m .). 

The  short  crus  of  the  incus  fits  into  a  little  cup  close  above  the  part  where  the 
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epihyal  ( e.lvy .)  has  fused  with  the  auditory  capsule;  here  the  bone  (era.)  extends;  but 
the  main  part  of  the  unusually  well-developed  epihyal  is  still  cartilaginous,  and  is 
continued  without  any  segmentation  into  the  unossified  part  of  the  ceratohyal 
(Plate  29,  fig.  6;  and  Plate  31,  fig.  12,  c.liy.).  Half  the  upper  ceratohyal  is  ossified — 
its  middle  part;  then  comes  a  joint,  and  then  the  short,  lower  ceratohyal  {c.liy'.), 
which,  in  turn,  articulates  with,  the  short,  ossifying  liypohyal  (h.hy.). 

The  latter,  in  turn,  articulates  with  the  almost  straight,  transverse,  nearly  ossified 
basihyal  ( b.h.br .),  which  has,  articulating  with  it,  the  ossified,  short  thyrohyal  rods 
(t.hy.). 

Third  Stage  (concluded). —  Vertically  transverse  sections  of  the  Nestling  Shrew. 

A  description  of  these  sections  will  throw  further  light  upon  the  structure  of  the 
skull  at  this  stage. 

Section  1  (Plate  30,  fig.  l). — This  is  through  the  outer  nostrils  {e.n.),  and  shows 
how  the  roof  ( al.n .)  turns  inwards  to  form  the  narial  valve,  and  how  the  floor,  also,  of 
the  opening,  is  cartilaginous ;  many  of  the  vibrissce  are  seen  in  section  in  the  thick 
skin  of  the  snout,  in  this,  and  in  the  following  sections. 

Section  2. — Here  (Plate  30,  fig.  2)  the  narial  valve  is  seen  in  the  hind  part  of  each 
nostril;  it  curves  downwards  at  its  free  end;  the  alse  nasi  {al.n.)  are  confluent,  back 
to  back. 

Section  3. — In  this  (Plate  30,  fig.  3)  there  is  a  definite  tract  of  the  septum  nasi 
{s.n.)  with  an  enlarged — intertrabecular — base.  The  narial  valve  is  gone,  and  the 
cartilage  that  formed  it  is  now  confluent  with  the  floor,  so  that  there  are  two  perfect 
narial  tubes  {n.p.)  at  this  part. 

Section  4. — At  this  part  (Plate  30,  fig.  4)  the  floor  and  walls  are  separating,  again  ; 
the  floor,  right  and  left,  touches  the  lower  part  of  the  septum,  which  is  carinate  below 
its  bulbous  part. 

Section  5. — The  tubes  now  (Plate  30,  fig.  5)  are  not  surrounded,  below,  by  cartilage, 
and  the  floor  is  in  two  short,  oblique  tracts ;  the  almost  vertical  wall  turns  inwards 
below,  and  the  septum,  still  carinate,  is  much  thicker ;  these  narrow  floor-tracts  are 
those  that  give  off  Jacobson’s  (^recurrent)  cartilages  (Plate  29,  fig.  5). 

Section  6. — We  are  now  (Plate  30,  fig.  6)  behind  the  snout,  and  through  the 
premaxillary  {px.),  with  its  thin  walls,  and  its  relatively  huge  incisor  teeth  (see  also 
fig.  7,  t.)  just  developing  in  these  large,  swelling  pulps.  The  double  tube  is  con¬ 
tracted  here,  the  top  is  still  flat,  and  the  septum  {s.n.)  is  very  thin  above  and  thick 
below ;  the  enlargement  at  the  bottom  of  each  inturned  wall  {al.sp.)  is  the  rudi¬ 
ment  of  the  inferior  turbinal  {i.tb.),  at  its  very  beginning,  in  front.  The  rods  of 
the  recurrent  cartilages  ( rc.c .)  are  seen  lying  obliquely  below  the  bulbous  intertra¬ 
becula  (s.n.) ;  below,  the  fore  part  of  the  lower  lips  are  seen  in  front  of  the  dentary 
bones  {mn.). 

Section  7. — This  (Plate  30,  figs.  7,  7a)  is  through  the  fore  part  of  Jacobson’s 
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organs  ( j.o.)  and  the  perfect  part  of  the  cartilage.  The  roof  (al.sp.)  is  now  arched, 
with  a  very  small  median  groove ;  this  roof  is  very  thick  for  some  distance,  and 
then  thins  out  below,  where  it  is  bulbous.  The  upper  three-fifths  of  the  septum 
(s.n.)  is  of  the  same  thickness  as  the  main  part  of  the  roof,  and  then  suddenly 
swells  into  a  large  bulb,  with  a  flattened  basal  outline.  Here  the  cartilaginous  capsules 
of  Jacobson’s  organs  (rc.c.,)  are  at  their  perfect  part.  They  are  solid  above, 
and  nearly  vertical  where  they  fit  obliquely  to  the  septal  base ;  then  they  curve 
outwards  to  form  an  oval  cavity  (for  Jacobson’s  organ,  J.o.),  and  are  keeled  and  turned 
inwards  below.  In  the  middle  of  the  pyriform  space  between  them  the  thin  palatine 
plate  of  the  premaxillary  is  seen  to  rest  obliquely  on  the  top  of  the  inner  face  of  the 
tubular  part.  The  nasal  passage  opens  into  the  palatal  space  below ;  the  nasals 
(n.)  are  cut  through  above,  and  the  fore  part  of  the  maxillaries  (max)  with  a 
tooth  and  its  pulp  ( t .)  on  each  side.  Three  mucous  follicles  (m.s.)  are  seen  in  the 
interspace  between  the  mucous  membrane  and  the  aliseptal  cartilage.  This  part  is 
close  behind  the  anterior  palatine  foramina,  and  here  the  palate  is  rugous  and  sub- 
carinate  in  the  middle. 

Section  8. — This  (Plate  30,  fig.  8)  is  through  the  open  part  of  the  recurrent 
cartilages  (rc.c.)  and  the  hind  part  of  the  palatine  processes  of  the  premaxillaries. 
The  thick  aliseptal  wall  has  now  formed  a  definite  rudiment  of  the  nasal  turbinal 
( n.tb .),  but  the  rudiment  of  the  inferior  turbinal  (Lib.)*  is  still  very  imperfect.  The 
nasals  were  present,  hut  not  figured,  and  part  of  the  maxillaries  (m.x),  with  a  pulp, 
are  cut  across  and  the  fore  part  of  the  vomer  (v.).  Also,  below,  the  dentaries  and 
their  teeth-pulps  (cl.)  are  seen. 

Section  9. — Here  (Plate  30,  fig.  9)  the  vomer  (v.)  comes  fully  into  view  behind 
the  palatine  processes  of  the  premaxillaries  (see  Plate  29,  figs.  1,  2,  4,  5).  The 
nasals  (n.),  and  the  maxillaries  (mx.),  with  their  palatine  plates  ascending  to  articulate 
with  the  vomer,  are  all  clearly  seen.  Also  the  dentaries  (cl.)  below,  with  their  teeth. 
Here  the  nasal  and  inferior  turbinals  (n.tb.,  i.ib.)  have  good  rudiments.  The  front 
of  the  tongue  (tg.)  and  the  lower  jaw  (cl.)  have  been  cut  through,  below. 

Section  10. — Here  (Plate  30,  fig.  10)  the  nasal  labyrinth  is  widening  towards 
the  true  olfactory  region ;  the  septum  is  deeper  and  less  bulbous  below.  The 
inferior  turbinal  rudiment  is  no  longer  seen,  but  the  nasal  (n.tb.)  is  still  in  view, 
The  nasals,  maxillaries,  and  dentaries  (mx.,  cl.)  are  still  seen  in  section. 

This  section  is  behind  the  angle  of  the  mouth  ;  the  tongue  (tg.)  is  now  at  its 
middle. 

Section  11. — Here  (Plate  30,  fig.  11)  the  eye-balls  (e.)  are  cut  through  their  front 
part,  and  the  nasal  labyrinth,  largely  osseous,  is  cut  across  where  the  nasal,  upper,  and 
middle  turbinals  (n.tb.,  u.tb.,  rn.tb.),  can  all  be  seen;  the  floor  is  ossified  at  this 
part.  The  nasals,  vomer,  maxillaries,  and  palatines  (n.,  mx.,  pa.)  are  here  cut 
through,  and  the  dentaries  (cl.)  below.  In  the  last  (fig.  10)  the  nasal  passages 
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were  separate,  here  they  communicate,  below,  under  the  vomer ;  here  the  middle  oi 
the  palatine  skin  is  keeled  again ;  it  was  flat  in  the  last  two  sections 

Section  12.  —  In  this  section  (Plate  30,  fig.  12)  the  fore  part  of  the  olfactory  lobes 
(CP)  are  cut  across  as  they  lie  in  the  large  fossoe  upon  the  ossifying  cribriform  plate 
( cr.p .).  Part  of  the  roof-cartilage  is  seen  right  and  left,  and  from  the  walls  and  floor 
copious  turbinal  growths  ( u.tb .,  m.tb.)  are  seen.  Here,  the  frontals  (/.)  are  perfect  and 
roof  the  whole  over,  whilst  below,  the  palatines  and  vomer  (pa.,  v.)  are  seen  in 
section,  protecting  the  small,  square  naso-palatine  passage  ( n.p.c .). 

Here  the  perpendicular  ethmoid  ( p.e .)  is  spear-shaped  above,  and  clubbed  below ;  it 
is  very  thin  for  the  most  part.  The  jugal  process  of  the  maxillary  (j. )  is  seen,  the 
mandibles  and  teeth  (cl.),  with  tongue,  below. 

Section  13. — This  (Plate  30,  fig.  12a)  is  from  a  little  further  back  behind  the  general 
roof,  and  where  the  frontals  (f.)  do  not  meet  in  the  middle;  one  description  may  serve 
for  both  of  these  sections. 

Section  14. — This  (Plate  30,  fig.  13)  is  through  the  hemispheres  (Cla.),  the  great 
fontanelle,  at  the  back  part  of  the  frontals  (/.),  and  the  large  orbito-sphenoidal  wings 
( o.s .)  ;  the  basal  part,  here,  is  behind  the  middle  ethmoid,  and  is  the  front  of  the 
presphenoid.  The  cribriform  plate  still  comes  into  section  in  its  hindmost  part  ;  this 
is  where  the  skull-walls  (o.s.)  are  united  to  the  olfactory  capsules.  This  is  behind  the 
vomer,  and  the  low  bulbous  section  of  the  basis  cranii  ( p.s .)  lies  over  a  triangular 
section  of  the  nasopalatine  passage.  The  bony  alisphenoid  (al.s.),*  is  seen  outside  the 
nasal  wall. 

The  palatines  and  pterygoids  overlap  at  this  part,  and  here  the  frontal  (/.)  gets  well 
under  the  skull  in  the  imperfect  orbit. 

The  articular  and  angular  processes  of  the  lower  jaw  (ccl.p.)  and  Meckel’s  cartilage 
(rnk. )  are  cut  across,  close  in  front  of  the  ear-drum. 

Here  the  nasal  cavities  are  small,  oblique,  and  reniform  in  section,  in  this,  their  retral 
subcranial  part.  The  wall,  although  well  coiled  round  the  cavity,  does  not  completely 
wall  it  in;  the  median  cartilage  (p.s.)  is  some  distance  from  the  walls. 

Section  15. — In  this  partial  section  (Plate  30,  fig.  14),  the  basioccipital  (b.o.)  is  cut 
across  in  its  front  part ;  on  the  side,  at  some  distance,  the  cochlear  and  part  of  the 
vestibular  region  of  the  auditory  capsule  are  cut  through;  the  wall,  very  thin,  is 
ossified.  The  prootic  plate  ( pr.o '.)  is  seen  in  section,  with  the  hind  part  of  the 
squamosal  ( sq .)  outside  and  below  it.  The  ossifying  opisthotic  region,  outside  and 
below  the  vestibule,  shows  the  facial  nerve  (VII.)  in  its  whole  course — infra-cranial, 
auditory,  and  extra-cranial — escaping  close  behind  the  sigmoid  hyoid  arch  (e.hy.,  c.hy)\ 
the  stapes  ( st .)  is  partly  seen,  and  also  the  folds  of  the  concha  auris  (me.,  m.a.e.). 

Section  15. — In  this  still  more  limited  section  (Plate  30,  fig.  17)  the  ossifying  auditory 
capsule  is  cut  through  across  the  fenestra  ovalis  (fs.o.)  and  the  bar  between  it  and  the 
fenestra  rotunda.  The  well-formed  stapes  (st.)  is  seen  in  situ ;  its  head  and  neck  and 

*  Tlie  line  in  the  figure  is  too  short. 
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its  base  are  still  cartilaginous,  and  the  long  crus  of  the  incus  ( l.c.i .)  has  its  distal  part 
attached.  The  opisthotic  and  epihyal  ( e  liy .),  at  their  junction,  are  cut  through,  and 
the  continuation  of  that  bar,  unossified,  into  the  ceratohjal  ( c.hy .).  The  facial  nerve 
(VII.)  is  seen  escaping  from  the  foramen  stylomastoideum. 

Section  16. — In  this  section  (Plate  30,  fig.  15)  more  than  half  is  figured;  it  shows  the 
basis  cranii  (b.o.)  cut  through  in  the  fore  part  of  the  foramen  magnum  ;  the  fore 
part  of  the  condyles  ( oc.c .)  are  in  section ;  and  the  atlas  and  axis  (at.,  ax.)  also  come 
into  view.  The  occipital  roof  ( s.o .)  is  ossified  above,  and  beloAv,  runs  ( s.a.c .)  into  the 
top  of  the  auditory  capsule  over  the  anterior  canal  ( ct.s.c .).  Below,  the  posterior  canal 
( p.s.c .)  is  cut  across;  the  thin,  inner  wall  of  the  vestibule  is  ossified  ;  the  thick  outer 
part  is  still  cartilaginous. 

Fourth  Stage. — The  skull  of  the  adult  Shrew  (Sorex  vulgaris). 

The  interpretation  of  the  skull  in  its  perfect  state  will  now  be  easy,  in  spite  of  its 
great  unlikeness  to  that  of  an  ordinary  good-sized  Mammal,  or  even  of  that  of  a 
typical  Insectivore. 

Seen  from  above  (Plate  31,  fig.  1)  the  peculiar  tenuity  of  this  small  skull  is  shown; 
the  long  bi-tubular  snout  ( al.n .)  is  half  the  length  of  the  dorsal  line  of  the  ossified 
cranium.  Laterally,  however,  the  projecting  premaxillaries  (px.)  protect  the  cartilage 
in  its  hinder  third.  The  preorbital  region  and  half  the  orbital,  together,  from  one 
continuous  bony  growth  ;  faint  signs  only  of  the  sutures  between  the  nasals,  frontals, 
premaxillaries,  maxillaries.  and  lachrymals  (n.,  f,  px. ,  mx.,  1.)  being  visible.  The  tooth- 
sockets  make  the  sides  sinuous,  and  they  only  diverge,  increasing  the  breadth  very 
gently,  up  to  the  jugal  processes  of  the  maxillaries. 

The  foramen  infraorbitale  (V3.)  is  very  large,  and  well  seen  in  this  aspect ;  the  space 
between  the  frontal  and  the  jugal  process  of  the  maxillary  is  a  sharp  notch.  From 
that  notch  to  the  general  swelling  of  the  hind  skull  the  cranium  enlarges  but  little ; 
the  upper  part  of  the  coronal  suture  runs  straight  across  the  middle  of  the  skull-waist ; 
it  is  well-toothed  and  somewhat  squamous,  the  frontals  (f.)  being  imbricated  by  the 
parietals  (p.).  The  frontals  are  but  little  larger  than  in  a  Snake  ;  but  in  that  Beptile 
the  frontals  remain  distinct,  whilst  the  parietals  coalesce — just  contrary  to  what  takes 
place  in  this  little  Mammal.  The  parietals  (p.)  cover  about  four  times  as  much  space 
as  the  frontals,  they  are  far  from  each  other,  and  from  all  the  surrounding  bones, 
except  the  squamosal,  in  front.  The  saggittal  and  lambdoidal  sutures  are  well¬ 
toothed,  like  the  coronal ;  the  general  surface  of  the  bone  is  smooth — polished,  as  it 
were — and  gently  convex.  The  fore  part,  helping  to  form  the  orbits,  is  narrow ;  the 
rest  becomes  almost  twice  as  wide.  Flanking  the  frontals  the  squamosals  can  just  be 
seen,  giving  additional  width  to  the  temporal  region.  The  middle  half  of  the  lamb¬ 
doidal  suture  has,  set  in  it,  a  transverse  plate  of  bone  which  projects  forwards  into  the 
notched  parietals  in  front,  and  lies  straight  along  the  fore  margin  of  the  supra- 
occipital  (s.o.),  behind  ;  this  bone,  which  is  slightly  crested,  is  the  interparietal  (ip.). 
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The  interparietal  is  small  for  an  Insectivore,  but  the  true  supraoccipital  (s.o.)  is 
unusually  large,  and  suggests  at  once  a  Monotrematous  relationship.  The  thrice- 
convex  hind  margin  is  wide,  but  the  fore  edge  runs  across  the  skull  to  the  post- 
temporal  region,  and  is  nearly  as  wide  as  the  two  parietals,  together,  at  their  widest 
part.  Moreover,  the  tract  covered  by  the  supraoccipital  tegmen  is  almost  as  extensive 
as  that  which  is  covered  by  the  frontals. 

In  the  side  view  (Plate  19,  fig.  3)  the  peculiarities  of  the  Soricine  skull  are  well 
shown ;  a  Mammalian  skull,  truly,  but  reduced  to  its  utmost  tenuity.  There  is  a 
general  parallelism  in  the  downward  and  forward  curve  of  the  various  parts  ;  the 
snout  also  is  thus  followed  by  the  premaxilla ries  (px.),  with  their  notched  and  ferru¬ 
ginous  teeth — like  the  mandibles  of  a  Beetle — and  the  elements  of  the  skull,  further 
back,  dip  in  front,  in  like  manner. 

Back,  as  far  as  to  the  coronal  and  squamous  sutures,  which  are  largely  persistent, 
there  is  no  sign,  in  this  view,  of  composition ;  the  badly  formed  orbit  has  the  frontal 
coming  well  down  on  its  inside,  but  it  merely  dips  inwards  a  little,  it  forms  no  brow  ; 
nor  is  there  any  definite  post-  or  preorbital  wall  or  outwork. 

For  such  a  snout  the  maxillary  nerve  (V2.)  has  to  be  very  large,  for  the  lips  are 
thick,  and  the  vibrissce  well  developed ;  the  canal,  therefore,  is  very  large,  and  it  is 
perfected  by  the  maxillary,  which  has  a  stump  of  bone  in  the  jugal  region  ;  the  canal- 
wall  for  the  infraorbital  nerve  is  itself  perforated.  The  lachrymal  (/.)  is  melted  into 
the  fore  edge  of  the  maxillary,  and  the  sphenoidal  wings,  front  and  hinder  (o.s.,  al.s.), 
are  all  confluent  with  the  overlying  membrane-bones ;  so  also  are  the  palatine  bony 
tracts  with  the  bones  above  them.  In  the  inner  and  lower  face  of  the  undefined  orbit, 
the  sphenoidal  fissure  (II.,  V1,3.)  is  seen  as  a  large  channel,  opening  obliquely ;  this  is 
>  due  to  the  fact  that  the  alisphenoid  (al.s.)  embraces  the  orbitosphenoid  (o.s.),  growing 
freely  outside  it. 

The  curious,  low-lying,  oblong  squamosal  (sq. )  opens  in  front  as  two  short  blunt 
blades,  which  seem  to  bite  the  outspread  alisphenoid  ;  this  is  due  to  the  fact  that, 
whilst  the  jugal  process  is  aborted  and  has  no  jugal  bone  to  lie  upon,  the  condyle 
(glenoid  cavity)  has  become  subdivided  into  two  tracts  of  articular  cartilage,  one 
above  and  one  below.  Thus  the  two-faced  condyloid  head  of  the  lower  jaw 
(figs.  3,  4,  cd.p.)  is  really  held  between  the  two  blades  of  the  squamosal.  In  the 
crescentic  hollow  behind  these  blades  the  normal  pneumatic  foramen  is  seen ;  the  bone 
there  is  narrower,  then  broadens  somewhat,  and  then,  dipping  gently,  ends  as  a  rounded 
or  ear-shaped  lobe  in  the  re-entering  angle  formed  by  theprootic  plate  (pr.o'.),  and  the 
mastoid  region  of  the  ear  capsule  (op.).  Under  its  concave  edge — greatly  turned 
inwards  (see  fig.  2,  sq.) — the  tympanic  (a.ty.)  can  just  be  seen.  The  structure  of  the 
skull  in  the  temporal  region  is  very  elegant ;  the  larger  hind  skidl  is  finished  by  the 
large  parietals  (p.),  which  imbricate  the  frontals  in  the  postorbital  region,  and  throw 
themselves  backwards  and  downwards,  over  the  hinder  auditory  region,  clamping  all 
the  parts  with  their  toothed  edge.  They  come  down  with  a  straight  edge  to  the 
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slightly  overlapping  squamosal s,  with  which  they  partly  coalesce,  and  then  ride  over 
the  prootic  plates,  with  a  concave  edge ;  then,  as  if  for  purposes  of  architectural 

ornament,  the  “lateral  sinus”  ( s.c .)  throws  its  low  arch  over  the  whole  of  these 

temporal  sutures ;  three  foramina  are  seen  close  to  it,  one  in  front,  one  in  the  middle, 
and  another  over  it,  near  its  hind  part. 

Wedged  in  between  the  parietal  and  squamosal,  the  curved  prootic  plate  ( pr.o '.)  is 
seen ;  its  fore-part  is  like  a  pruning  knife ;  its  hind  part  passes  insensibly  into  the 
epiotic  and  opisthotic  regions,  where  the  three  canals  ( a.s.c .,  h.s.c.,  p.s.c.),  by  their 
burrowing,  mark  the  outer  face  of  the  bone,  which  is  very  thin  over  them.  The 
occipital  condyles  ( oc.c .),  are  large,  bold,  and  pyriform  in  outline  ;  between  them  and 
the  opisthotic  region  (op.)  the  ex-occipitals  (e.o.)  are  wedged,  scarcely  forming  any 
definite  paroccipital  process.  Over  the  whole,  like  half  a  dome,  the  great  supraoccipital 
( s.o .)  is  seen. 

The  lower  jaw  (seen  from  the  inside)  is  very  small,  but  strong;  it  is  hinged  half 
way  between  the  front  of  the  nasal  bones  and  the  occiput.  '  The  coronoid  process 

(figs.  3,  3a,  c.p.)  is  high,  vertical,  and  scooped  on  its  inner  face;  the  articular  process 

(cd.p.)  is  sub- triangular,  thick,  and  has  a  two-faced  condyle  ( gl.c .) ;  the  angular  process 
( ag.p .)  is  long,  terete,  and  incurved  at  its  end;  the  dentary  canal  (neuro-vascular  passage) 
begins  under  the  muscular  fossa  of  the  coronoid  process.  The  teeth,  here,  as  above, 
are  curiously  mimetic  of  the  mandibles  of  Coleopterous  Insects — the  food,  especially 
of  the  Shrew,  who,  himself,  is  less  than  some  of  the  members  of  the  Beetle  Family. 

In  the  lower  view  (Plate  19,  fig.  2)  the  snout  ( al.n .)  is  partly  supported  by  the  pro¬ 
truding  incisors ;  and  the  bony  palate,  between  the  fine  dental  armature,  is  a  high 
triangle,  whose  short  base  is  behind ;  this  boundary  is  directly  transverse,  but  some¬ 
what  bracket-shaped,  and  is  strongly  limbate.  The  longitudinal  extent  of  the  pre- 
maxillaries  (px. )  is  one-seventh  that  of  the  whole  hard  palate ;  they  are  very  partially 
distinct  from  each  other,  and  from  the  maxillaries  (mx.) ;  the  anterior  palatine 
foramina  (a.p.f)  are  small.  So  also  are  the  posterior  foramina  (p.p.f),  and  they  are 
some  distance  in  front  of  the  persistent  palato-maxillary  suture.  The  fused  maxillary 
plate  is  subcarinate  in  its  middle  third,  under  the  junction  of  these  bones  with  the 
vomer ;  the  fore  half  of  the  middle  palatine  suture  persists,  and  that  part  of  the  hard 
palate  has  four  small  foramina ;  its  fore  margin  wedges  in  between  the  maxillaries, 
and  yet  its  extent  is  less  than  half  of  the  plate  formed  by  the  latter  bones. 

The  jugal  processes  of  the  maxillaries  projecting  beyond  the  last  tooth-socket  make 
the  narrow -waisted  part,  next  following,  very  remarkable.  In  the  distance,  the  orbital 
plates  of  the  frontal  and  the  rounded  supraorbital  edge  are  seen  beyond  the  open 
region  of  the  palate.  The  thick,  spongy  walls  of  the  nasopalatine  passage  ( n.p.p )  are 
equal  in  width  to  that  passage;  and  the  roof,  where  the  forks  of  the  vomer  (v.)  end,  is 
perforated  with  holes  and  slits. 

The  pterygoids  and  palatines  (pg.,  pa.)  are  thoroughly  fused  together,  and  are 
equally  confluent  with  the  posterior  sphenoid  ( al.s .,  b.s.).  The  hamular  processes 
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of  the  pterygoids  are  small,  terete,  short,  parallel,  and  unusually  near  together. 
Behind  them  there  is  a  small  foramen,  right  and  left,  and  still  farther  back,  another 
pair  of  holes,  wider  apart,  near  the  junction  of  the  basisphenoid  with  the  basioccipital 
( b.s .,  b.o.).  The  basis  cranii,  from  the  perpendicular  ethmoid  (over  the  thick  hind  rim  ot 
the  hard  palate)  to  the  foramen  magnum,  is  a  peculiar  structure  ;  in  front  it  is  narrow, 
but  behind  the  pterygoid  hooks  it  widens  out  rapidly  into  two  triangular  wings, 
where  the  ali-  and  basisphenoid  are  anchylosecl  together.  The  basal  plate  then  narrows 
gently  and  sinuously  up  to  the  middle  of  tire  basioccipital  region,  and  then  gently 
widens  to  the  end,  until  it  becomes  just  half  the  width  of  the  widest  sphenoidal  part. 
The  median  part  is  made  into  a  broadish  and  rather  shallow  groove  by  a  thick,  ribbed 
part,  the  rudiment  of  the  hinder  part  of  the  tympanic  wing  of  the  typical  kinds  ;  these 
thickenings  run  up  to  the  occipital  condyles ;  but  they  do  not  enlarge  the  tympanic 
cavity.  The  inner  (and  also  lower)  facet  of  the  glenoidal  cavity  (gl.c.)  turns  inwards 
and  lies  under  the  foramen  ovale — now  perfected  by  a,  bony  hinder  bar  ; — so  that  this 
hole  is  not  seen,  either  laterally  (fig.  3)  or  from  below  (fig.  2)  ;  the  longitudinal 
direction  taken  by  this  nerve  passage  is  indicated  in  both  figures  by  a  bristle  (V3.). 
The  inner  edge  of  the  squamosal,  where  it  curls  under  the  skull,  is  sinuous  ;  it  diverges 
from  the  outer  edge  of  the  basis  cranii,  so  as  to  leave  a  large  space,  the  hind  margin  of 
which  is  finished  by  the  opistlmtic  region  of  the  auditory  capsule  (op.).  This  pyriform 
space,  with  its  wide  end  behind,  is  as  large  as  the  dilated  posterior  sphenoidal  region 
of  the  basal  and  basilateral  parts  of  the  skull ;  it  is  largely  finished  by  membrane — a 
permanent  basilateral  fontanelle.  This  space  in  the  macerated  skull  occupies  nearly 
all  the  side  of  the  hinder  or  postorbital  part ;  it  is  heart-shaped,  being  filled  in 
somewhat  in  front  by  the  postglenoid  wing  of  the  squamosal  (see  fig.  3).  In  the 
undisturbed  state  of  the  parts  where  the  huge  auditory  capsule  is  kept  in  its  place  by 
ligamentous  tracts,  the  hinder  and  outer  part  of  each  great  fontanelle  is  filled  in  by 
that  complex,  intercalated  labyrinth. 

But  on  the  lower  face,  between  the  squamosal  and  the  basis  cranii,  this  fontanelle  is 
only  partially  latticed  across  by  the  small  annulus  and  the  ossicula,  which,  with  the 
drum-membrane,  only  half  hide  this  great  gap.  Id  this  under  aspect  the  cochlea  (chi.), 
that  part  of  the  vestibule  which  passes  into  the  tegmen  tympani  and  overarches  the 
facial  nerve  and  ossicula,  and  the  part  containing  the  horizontal  and  semicircular 
canals  (h.s.c.,  p.s.c .),  are  all  well  seen.  The  large,  pyriform  condyles  (oc.c.)  and 
the  oval  foramen  magnum  (fm.)  surrounded  by  the  elements  of  the  occipital  arch 
( s.o .,  e.o.,  b.o.),  are  shown  in  this  view. 

When  the  auditory  capsules  have  been  loosened  out  by  maceration,  and  are  examined 
separately  (figs.  4  and  5  ;  oblique  views  of  the  inner  and  outer  side),  then  we  find 
that  the  capsule  has  used  up  and  carried  with  it,  in  its  ossification,  a  large  amount  of 
the  primary  endocranium,  not  properly  belonging  to  the  capsule.  Not  only  is  there  a 
pterotic  and  a  sphenotic  tract  of  this  kind,  but,  as  I  have  already  shown,  the  small 
alte  that  originally  grew  from  the  basis  cranii  behind  the  pituitary  region,  have  been 
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ossified  by  the  corresponding  opisthotic  centres,  and  made  to  serve  as  a  rim  to 
the  cochlea.* 

Seen  obliquely  from  the  outside  (fig.  5)  there  is,  above  and  in  front,  the  shell-like 
prootic  plate  ( pr.o .),  and  below  it  a  similar,  but  lesser  wing-like  growth  of  bone.  The 
cochlea  (chi.)  is  also  crested,  the  crest  running  forwards  into  a  sharp  point.  A  notch  still 
persists  where  the  two  loony  centres  meet  in  front ;  below  that  notch  the  canal  for  the 
facial  nerve  (VII.)  is  seen  at  both  ends,  and  below  and  outside  its  foramen  of  exit 
(stylomastoid)  a  thick,  hooked  club  of  bone  runs  across  between  and  outside  the 
two  fenestras — fenestra  ovalis,  and  fenestra  rotunda  ( fs.o .,  fr.) ;  the  clubbed  part  is 
the  stump  of  the  epihyal  ( e.liy .)  confluent  with  the  capsule. 

The  anterior  canal  (a.s.c.)  shines  through  the  thin  bone,  and  the  posterior  and 
horizontal  canals  ( p.s.c .,  h.s.c.)  project  from  the  surface  of  the  opisthotic  region. 

On  the  inside  (fig.  4)  the  anterior  canal  stands  out  as  an  elegant  arch  over  the  deep 
and  large  floceular  recess,  which  is  bounded  behind  by  a  sharp  crest  of  bone  inside 
which  is  the  common  sinus  of  the  anterior  and  posterior  canals.  Three  convexities 
are  seen  below  the  recess  ;  these  are,  from  before  backward — the  ampulla  of  the 
horizontal  canal  (h.s.c) ;  that  of  the  anterior  (ct.s.c.)  and  the  third  rising  is  formed  by 
the  vestibule  (vh.).  Below  these  mammillary  risings  the  great  porchway  for  the 
auditory  nerve  (VIII.)  and  the  bridge  over  the  facial  (VII.)  are  shown ;  and  there  is  a 
small  tube  behind,  on  the  edge  of  the  capsule  :  in  front  of  these  foramina  the  coils  of 
the  cochlea  are  partly  hidden  by  the  limbation  of  its  margin,  running  into  the 
anterior  sharp  process. 

The  small,  strong  annulus  (figs.  6,  7,  a.ty.)  quite  enclose  an  oval  space,  although  the 
crura  do  not  coalesce ;  the  hinder  crus  has  a  broad,  bilobate  end,  which  overlaps  the 
somewhat  pointed  end  of  the  front  crus,  and  from  the  outside  (fig.  6)  partly  hides  the 
manubrium  mallei  (mb.).  The  fore  part  of  the  annulus  projects,  being  also  dilated 
considerably ;  below,  and  at  both  ends,  the  outer  face  is  convex  ;  the  upper  crus  is 
ridged  and  grooved  below  the  ridge.  On  the  inside  (fig.  7)  there  is  but  little  con¬ 
cavity  ;  this  is  for  about  a  third  of  the  inner  rim,  in  front  of  the  sharp  groove  on  which 
the  processus  gracilis  of  the  malleus  (p.gr.)  lies. 

That  process  is  styloid,  slightly  decurved,  and  diverges  from  the  manubrium,  which 
runs  straight  along  the  long  axis  of  the  elliptical  space  formed  by  the  annulus  for  the 
membrana  tympani  ;  it  traverses  three-fifths  of  that  axial  line  ;  and  is  very  slender 
and  straight,  with  a  gently  bulbous  free  end.  The  neck  of  the  malleus  (ml.)  is  flat, 
and  rises  suddenly  into  the  rounded  head,  which  is  confluent  with  the  head  of  the 
incus  (h).  Half-way  down  below  the  condyloid  region  the  bone  projects  as  an  obtuse 

*  There  is  nothing  new  in  the  morphology  of  the  skull ;  in  the  Frog  each  of  the  three  great  lateral 
bony  centres  that  harden  the  chondrocranium  takes  up  both  a  sensory  and  a  cranial  tract ;  thus  we  have 
a  “  sphenethmoid,”  a  “  prootico-alisphenoid,”  and  an  “  opisthotico-exoccipital.”  In  osseous  Fishes  the 
semicircular  canals  run  far  into  proper  chondrocraninl  regions,  and  are  ossified  by  ti’acts  that  have  a 
double  morphological  significance — e.g.,  the  “sphenotic  ”  and  the  “pterotic.” 
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angle,  the  hinder  edge  is  then  notched  twice,  and  then  comes  the  solid  bulbous  “  pos¬ 
terior  angular  process”  ( p.ag .)  of  this  highly  modified  “  articulare.”  The  main  part  of 
the  malleus  has  ribbed  edges,  is  limbate,  and  the  neck  is  fiat  and  thin  ;  on  the  inside 
the  root  of  the  manubrium  is  thick  and  rough. 

The  incus  (i)  shows  signs  of  degradation,  being  fused  with  the  malleus  and 
reminding  the  observer  of  the  arrested  and,  in  the  adult,  fixed  state  of  that  segment 
of  Echidna.  The  short  crus  ( s.c.i .)  is  a  mere  snag  ;  the  long  crus  is  very  long,  feeble 
and  bent  forwards  ;  the  neck  of  the  orbicular  condyle  is  well  bent,  very  thin,  and 
carries  a  well-made  circular  facet  for  the  stapes.  That  bone  (fig.  8,  st.)  is  a  miniature 
model  of  a  stirrup,  thoroughly  normal,  and  unusually  perfect  in  form.  The  hyoid 
arch,  proper  (Plate  31,  fig.  9),  has  become  much  stronger,  and  yet  more  slender,  than 
in  the  young  stage  (fig.  12).  The  cartilaginous  continuation  of  the  epihyal,  from  its 
bony  stump  (fig.  5,  e.hy.)  to  the  top  of  the  upper  ceratohyal  (fig.  9,  c.liy.),  is  a 
complete  band  of  cartilage ;  the  next  tract  is  slender  and  curved,  and  is  unossified 
in  its  lower  third;  the  lower  ceratohyal  ( c.hy the  hypo-  basi-  and  thyrohyals  are 
largely  ossified;  the  latter  ( t.hy .)  are  much  longer  now,  and  are  bent  outwards  in  the 
middle. 

The  interior  of  the  skull  was  not  figured  ;  nor  any  of  the  figures  made  from  an 
old  specimen.  The  cribriform  plate  is  very  large,  oblique,  and  richly  perforated ; 
the  median  ethmoid,  between  its  halves,  is  thin,  but  strong ;  all  the  parts,  inside  the 
front  of  the  cranial  cavity,  are  well  ankylosed  together.  The  orbitosphenoids  have 
very  narrow  edges  to  the  hind  margin  of  the  cribriform  plate  ;  the  basisphenoid  has  a 
very  slight  sellar  depression.  In  old  skulls  the  parietals  coalesce  with  the  frontals 
and  with  the  fore  half  of  the  upper  part  of  the  squamosals ;  so  rdiat  the  sutures  left 
are  the  hinder  main  part  of  the  sagittal,  that  between  the  parietal  and  interparietal, 
and  the  hind  part  of  the  squamous  suture. 

Yet  these  remains  of  sutures,  the  independence  of  the  extensive  auditory  cap¬ 
sules,  and  the  general  thinness  and  elasticity  of  the  larger  bony  tracts  defending 
the  brain,  all  help  to  make  this  small  skull  more  or  less  flexible  under  accidental 
pressure. 

I  have  not  added  certain  figures  made  from  the  skull  of  the  adult  Water  Shrew 
( Crossopus  fodiens) ;  it  merely  differs  from  that  of  the  Common  Shrew  ( Sorex  vul¬ 
garis)  by  its  larger  size,  greater  robustness,  and  a  somewhat  more  intense  ossification 
generally.  The  orbitosphenoids  are  wider,  and  the  “  foramen  ovale  ”  is  quite  visible  on 
the  lower  aspect  of  the  skull ;  in  the  common  kind  (Plate  31,  fig.  2)  the  bristle  (V3.) 
is  seen  to  pass  over  the  incurved  lower  glenoid  process  ;  there  is  a  notch  between  it 
and  the  hind  corner  of  the  alisphenoid  ( al.s .),  and  then  a  bridge  of  bone  between  this 
notch  and  the  fore-end  of  the  great  infero-lateral  fontanelle.  In  Crossopus  fodiens 
the  emerging  nerve  is  bounded  in  front  by  a  tract  of  bone,  where  the  notch  is  in  the 
lesser  third ;  here  it  appears  to  pass  through  the  neck  of  the  lower  glenoid  process  ;  as 
a  matter  of  fact,  the  foramen  is  made  by  the  confluence  of  the  alisphenoid  with  that 
part  of  the  squamosal. 
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On  the  skull  of  the  Centetidse. 

My  materials  for  working  out  the  structure  and  development  of  the  skull  in  this 
peculiarly  Mascarene  Family  of  the  Insectivora  are  as  follows  : — 

A.  Stage  1. — An  embryo  of  the  largest  kind — Centetes  ecaudatus — 7  lines  long, 
(head  3,  body  4),  (Plate  16,  fig.  13);  this  is  intermediate  between  my  1st  and 
2nd  Stages  of  the  Mole  (Plate  1,  figs.  1,  2,  3). 

Stage  2.  —  A  three-fourths  ripe  embryo  of  Centetes  ecaudatus,  lyy  inch  long. 

Stage  3.— Young  individuals  of  Centetes  ecaudatus,  3y  inches  long. 

B.  Almost  adult  specimens  of  Hemicentetes  madagascariensis  and  H.  nigrescens. 

C.  An  adult  Ericulus  nigrescens. 

D.  An  adult  (or  nearly)  Microgale  longicauclata. 

Stage  1  (Plate  16,  fig.  13). 

In  the  smallest  embryo  the  snout  is  just  beginning  to  project  from  the  front  of  the 
face;  the  brain  vesicles  (CP,  C2.,  C3.)  are  very  large  ;  the  eye-ball  is  very  small,  and 
surrounded  by  a  circular  lid  ;  the  concha  auris  has  commenced  its  folds  ;  the  limbs  are 
mere  flaps  ;  and  the  tail  is,  relatively,  longer  than  in  the  more  advanced  specimens  ; 
the  head  is  very  large,  relatively. 

Stage  2. — Embryo  of  Tenrec,  Centetes  ecaudatus,  lyy  inch  long  (Plate  16,  fig.  14). 

The  head  is  still  ( and  always  will  be)  very  large  in  proportion  to  the  body ;  the 
tail  is  a  mere  stump,  the  limbs  are  well-formed.  The  eyes,  and  their  lids,  are  very 
small,  and  so  are  the  outer  ears  ;  the  snout  is  now  a  considerable  structure,  running 
in  front  of  the  lips. 

The  skull  (Plate  32)  has  acquired  a  large  amount  of  solidity  from  ossification,  both 
external  and  internal  ;  the  whole  structure  is  very  evenly  conical,  with  the  snout 
as  its  obtuse  apex. 

The  investing  bones. 

Seen  from  above  (Plate  32,  fig.  1)  the  endocranium  only  comes  into  view  at  the  two 
ends  ;  behind,  it  is  largely  ossified.  The  scale-like  superficial  bones  of  the  roof,  the 
nasals,  frontals,  and  parietals  ( n .,  f,  p.),  show  their  radiating  lines  of  growth  ;  as 
to  size,  the  nasals  are  broader,  the  frontals  much  longer,  and  the  parietals  much 
shorter  than  in  the  Mole  and  Shrew ;  they  are  more  normal  in  this  type.  A  large 
fontanelle  (/<?.)  still  exists  above,  it  spreads  into  sharp  wings,  right  and  left,  in  the 
coronal  region,  and  in  the  lambdoidal  to  a  less  degree,  where  it  runs  back  as  a  large 
semicircular  notch  in  the  huge,  roughly  crescentic  interparietal  ( i.p .).  Here  this  super¬ 
ficial  cranial  element  that  is  absent  from  all  the  Edentata  except  Orycteropus,  but 
constant  in  the  Insectivora,  as  in  the  Marsupials  beneath  them,  attains  its  highest 
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relative  development.  The  premaxillaries  and  maxillaries  (; px .,  mx.)  are  not  well  seen 
in  this  view. 

In  the  side  view  (fig.  3)  the  premaxillaries  (px.)  are  of  the  average  size,  and  show 
a  diamond-shaped  oblique  facial  plate,  which  wedges  in  between  the  nasal  and 
maxillary  on  each  side.  The  maxillaries  (mx.)  are  nearly  half  the  length  of  the  whole 
bony  skull ;  the  postero-superior  angle  runs  somewhat  into  the  orbit,  and  inside  this 
process,  and  the  one  below  it,  the  small  lachrymal  and  its  canal  (l.,  l.c.)  are  seen.  That 
space  is  triangular,  but  under  the  sharp  style  that  bounds  it  below,  there  is  a  deep 
chink  along  which  the  maxillary  nerve  (V2.)  passes;  it  is  unprotected  on  its  outer 
side  ;  behind  this  chink  the  general  alveolar  roof  runs  for  a  considerable  distance. 

The  frontals  (f)  have  a  thick  supraorbital  edge,  and  a  large  concave  orbital  plate. 
The  growing  parietals  (p.)  run  forwards  obliquely  under  the  postorbital  edge  of  the 
frontals,  just  meeting  the  upper  and  front  angle  of  the  alisphenoid  (al.s).  Thence, 
each  parietal  runs  backwards  to  the  antero-external  edge  of  the  azygous  interparietal 
(i.p.) ;  the  obtuse  re-entering  angle  formed  by  their  junction  exposes  the  huge 
auditory  capsule. 

There  are  no  jugals  ;  each  squamosal  ( sq .)  applies  its  small  squamous  plate  over 
about  a  third  of  the  lower  edge  of  the  parietal,  rather  in  front  of  its  middle.  The 
jugal  process  does  not  reach  so  far  forwards  as  the  squamous  ;  it  only  serves  to 
carry  the  glenoid  facet  (gl.c.) ;  the  postglenoid  process  is  very  small,  and  the  post¬ 
temporal  plate  small ;  its  sharp  hinder  angle  reaches  half-way  over  the  horizontal 
canal  ( h.s.c .)  Under  the  squamosal  the  annulus  (a.ty.)  is  just  seen,  and  the  pterygoid 
(p!J-)  with  its  cartilage  (y>p.c.)  behind  the  alveolar  angle  of  the  maxillary  (mx.). 

The  lower  jaw  (d.)  is  well  formed,  and  most  of  the  cartilage  on  its  three  processes  is 
ossified.  The  coronoid  (c.p  )  is  twice  as  prominent  as  the  angular  ( cig.p .),  and  the 
condyloid  (cd.p.)  is  rounded,  and  definitely  marked  off  by  a  neck.  The  splenial  region 
is  seen  in  this  inner  view  to  be  deficient  inside  Meckel’s  cartilage  ( mk .),  (a  part  soon 
to  be  described),  this  is  ossified,  and  fills  a  large  groove  all  along  the  ramus. 

The  lower  view  (fig.  2)  shows  the  superficial  bones  that  form  the  hard  palate  ;  the  pre¬ 
maxillaries  (see  also  fig.  4,  px.)  form  the  narrow  fore  part  of  a  long  ellipse,  truncated 
behind.  The  dentary  region  is  shorter  and  thicker  than  the  palatine  process.  The 
two  palatine  processes  together  form  a  long  lanceolate,  leafy  structure,  with  their  flat, 
high  suture,  simulating  a  mid-rib.  I  could  find  no  separate  front  paired  vomers  ;  as  in 
the  Mole  and  Shrew,  these  are  probably  connate  with  the  premaxillary. 

The  short  jugal  process  of  the  maxillary  projects  beyond  the  last  large  tooth-pulp  ; 
of  these  I  find  five  large  pulps  in  each  maxillary,  and  three  small  ones  in  the  pre¬ 
maxillary. 

Inside  the  crenate  alveolar  wall  the  palatine  plate  of  the  maxillary  is  divided  by  a 
groove  into  two  subequal  narrow  tracts.  Each  of  these  ends  in  front  in  a  sharp  spike, 
the  outer  binding  on  the  inside  of  the  alveolar  plate  of  the  premaxillary,  and  the  inner 
on  its  palatine  piocess  ;  thus  the  anterior  palatine  foramina  are  very  long  slits. 
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Between  the  sides  of  the  palatine  plates  of  the  palatine  hones  and  those  of  the 
maxillaries  there  is  an  oblique,  fusiform  fenestra.  The  former  bones  {pci.)  are  like  two 
blades,  they  are  closed,  at  their  suture,  which  is  nearly  half  as  long  as  the  maxillary 
suture,  and  have  their  handles  behind  the  hard  palate.  On  each  side,  at  their  broadest 
part,  they  nearly  touch  the  alveolar  plate  of  the  last  tooth  ;  they  then  bend  inwards  and 
become  a  mere  oblique  short  tract  of  the  wall  of  the  nasopalatine  passage.  This 
wall  is  finished  by  the  pterygoids  (pg.),  which  are  bent  inwards  and  downwards  also, 
behind,  where  they  are  capped  with  a  nucleus  of  cartilage  ( pg.c .) ;  their  basicranial 
llange  is  moderate  and  continuous.  There  is  no  mesopterygoid  centre.  The  tympanic 
( a.ty .)  is  a  narrow  U-shaped  bony  staple,  with  its  fore  limb  sinuous,  and  lobate  at  its 
end. 

The  vomer  (figs.  4  and  6,  v.)  is  an  extraordinary  structure ;  the  main  median  bone 
is  relatively  smallest  in  the  Marsupials,  and  largest  in  the  Tenrec,  if  we  except  the 
abnormally  long-faced  Cetacea.* 

The  low  septum  (fig.  6,  s.n .)  and  the  large  thick  vomer  (v.)  at  once  suggest  the  com¬ 
parison  with  those  of  the  Cetacea.  This  bone  overlaps  two-thirds  of  the  recurrent 
cartilages  (rc.c.),  becomes  roughly  carinate,  pinches  in  a  little,  and  then  gives  off  an  ala, 
right  and  left  of  the  sharp  split  in  its  hinder  end.  The  whole  bone  is  rough  and 
cellular,  and  in  the  hind  part  is  undergoing  absorption  along  certain  lines,  the  meaning 
of  which  we  shall  see  in  the  next  stage. 

O 


Second  Stage  q/’Centetes  ecaudatus  (continued). — Endocranium  and  visceral  arches. 

The  exposed  part  of  the  nasal  labyrinth — the  snout  ( cd.n .) — is  barrel-shaped  ;  the 
nostrils  are  latero-terminal ;  the  rest  of  the  large  labyrinth  is  not  figured,  but  I  have 
shown  the  septum  (fig.  6,  s.n.,  p.e.)  and  the  recurrent  cartilages  (figs.  4—6,  rc.c.);  these 
are  tongue-shaped,  scooped  tracts,  and  are  quite  normal.  The  highest  part  of  the 
perpendicular  ethmoid  (fig.  6,  p.e.),  between  the  large  oblique  olfactory  fossae  is  in 
reality  low,  but  the  septum  nasi,  proper  (s.n.),  is  a  crest  to  the  huge,  thick  intertra¬ 
becula,  scarcely  higher  than  that  bar.  Where  the  septum  divides  the  snout,  there  it 
becomes  deficient,  and,  indeed,  the  partition  in  front  of  that  oval  fenestra  is  mainly 
formed  by  the  fusion,  back  to  back,  of  the  alae  nasi  (cd.n.) ;  the  snout  is  bent 
downwards  considerably. 

The  basis  cranii  behind  the  perpendicular  ethmoid  (figs.  4,  5,t  p.e.)  is  beginning  to 
ossify  as  the  presphenoid,  but  the  independence  of  this  centre  is  doubtful  in  this  case, 
as  the  orbitosphenoids  (o.s.)  have  met  over  the  middle  bar  (fig.  5)  and  are  closely 
embracing  it.  These  wings  are  about  two-thirds  the  size  of  the  alisphenoids  (cd.s.), 
already  they  are  quite  ossified  and  have  lost  the  large  superlateral  tract  of  cartilage, 

*  Tli  is  species — Centetes  ecaudatus — is  the  one  land  Mammal  that  rivals  the  Whale  in  the  relative 
length  of  the  head — it  is  one-third  of  that  of  the  body. 

f  Eigs.  4  and  5  are  from  the  dissected  endocranium  after  it  had  been  pressed  out  so  as  to  display  the 
parts. 
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which  did  not  ossify,  but  was  absorbed.  Each  of  these  bony  plates  is  widest  above 
and  narrowest  in  the  middle,  and  the  large  optic  foramen  (II.)  is  well  in  the  middle  of 
the  proximal  part.  When  fully  seen  from  above  (fig.  5,  o.s .)  the  hind  margin  has  two 
emarginations,  one  large,  in  the  middle,  and  one  small,  near  the  base  ;  the  projection 
between  these  notches  has,  on  the  right  side,  a  small  additional  nucleus  of  bone  ( o.sa .). 

The  posterior  sphenoid  is  at  this  early  stage  a  single  bone,  for  the  base  and  the  alee 
( b.s .,  cd. s.)  have  already  lai'gely  become  confluent ;  the  lower  surface  (fig.  4)  is  much 
larger  than  the  upper  (fig.  5),  this  is  mainly  due  to  the  great  tympanic  development 
in  the  base ;  but  the  alee  are  partly  overlaid  both  by  the  orbitosphenoids  and  the 
cochleee  (o.s.,  chi.) ;  the  alisphenoids  are  most  remarkably  out-thrust  in  these  and 
other  normal  Insectivores.  Half  the  cartilage  between  the  basisphenoid  and  the 
presphenoidal  tract  of  bone  (fig.  4,  b.s.,  p.s.)  belongs  to  the  former  and  half  to  the 
latter;  also,  behind,  there  is  much  cartilage  between  the  basioccipital  (b.o.)  and  the 
basisphenoid. 

There  the  basal  beam  has  doubled  its  width  ;  but  that  is  only  two-fifths  of  the 
whole  width  of  the  basisphenoid,  which  has  two  crescentic  wings,  shell-like  out¬ 
growths,  placed  back  to  back,  with  their  hollow  face  outside.  In  front,  these  tympanic 
wings  only  reach  half  way  along  the  basisphenoid  ;  behind,  they  overlap  the  basi¬ 
occipital,  so  that  they  are  retral  in  relation  to  their  origin.  The  whole  inferior  sur¬ 
face  of  the  posterior  sphenoid  is  broken  up  into  ridges,  grooves,  and  holes.  On  each 
side,  in  front,  there  is  a  rough  ridge  parallel  with  the  basal  cartilage  and  bone  ;  these 
are  for  the  fixation  of  the  basicranial  flanges  of  the  palatines  and  pterygoids.  Outside 
these,  separated  from  them  by  a  fossa,  there  is,  right  and  left,  a  triangular  wing,  the 
external  pterygoid  process  (e.pg.)  ;  the  hollow  is  the  pterygoid  fossa;  these  wings 
spread  further  out  than  the  tympanic  wings,  behind,  and  they  resemble  them  in  form. 

Outside  the  front  of  the  curved  tympanic  wing  there  is  a  rough  foramen  (f  ovale,  V3.) 
which  on  the  inside  (fig.  5)  is  a  mere  notch.  Outside  and  in  front  of  this  is  the  hinder 
opening  of  the  alisphenoidal  canal  (fig.  4,  al.s.c.),  and  on  the  same  oblique  line,  looking 
outwards  and  forwards,  is  a  semioval  fossa,  its  truncated  end  being  at  the  edge  of  the 
great  wing  (al.s.).  On  the  inside  this  is  not  seen,  and  the  bony  wing  has  a  generally 
concave  face  in  front  of  and  outside  the  foramen  ovale  (V3.).  The  posterior  clinoid 
wall  (fig.  5,  p.cl.)  is  low  and  broad ;  there  is,  however,  a  very  definite  sellar 
depression. 

The  auditory  capsules —here  artificially  squeezed  outwards  to  display  their  parts — 
are  large  and  pyriform  ;  they  are  quite  normal  in  having  two  subequal  osseous  centres 
— the  prootic  and  opisthotic  ( pr.o .,  op.).  The  latter,  on  the  lovTer  face  (fig.  4), 
embrace  the  base  of  the  cochlea  (chi.),  and  the  two  are  fast  approaching  each  other 
over  the  first  coil.  The  prootic  (pr.o.)  is  creeping  backwards,  and  (fig.  5)  along  the 
front  edge  of  the  capsule. 

The  opisthotic  is  seen  from  below  (fig.  4,  op.)  creeping  round  as  an  unciform  shell, 
behind  and  under  the  cochlea  and  vestibule;  it  has  already  formed  the  familiar  inter- 
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fenestra l  bar  between  the  fenestra  ovalis  and  the  fenestra  rotunda  (fs.o.,  fr.)  ;  above 
(fig.  5,  op.)  it  has  formed  a  roughly  crescentic  shell  round  the  inside  of  the  meatus 
internus  (VII.,  VIII.).  On  the  inside,  the  great  anterior  canal  ( a.s.c .)  arches  over  the 
large  but  shallow  fossa  for  the  “flocculus”  (fl.r.) ;  the  convexity  behind  this  fossa  is 
formed  by  the  sinus,  common  to  the  anterior  and  posterior  canals.  Below  (fig.  4),  the 
horizontal  and  posterior  canals  are  seen.  These  views  have,  however,  to  be  corrected 
by  the  other  figures  (figs.  1-3)  when  the  parts  had  not  been  subjected  to  pressure. 
Above  (fig.  1),  the  top  of  the  huge  auditory  convexity  is  seen,  and  then  the  posterior 
canal  (p.s.c.)  can  just  be  seen  where  it  has  passed  away  from  the  anterior. 

On  the  side  (fig.  3)  all  the  three  canals  (a.s.c.,  h.s.c.,  p.s.c.)  are  seen,  showing  through 

the  hyaline  cartilage,  in  their  natural  position,  and  leaning  backwards  :  a  normal  state 

of  things  for  a  Mammal. 

© 

Below  (fig.  2),  in  the  undisturbed  condition  of  all  the  cranial  elements,  the 
horizontal  and  posterior  canals  (h.s.c.,  p.s.c.)  come  well  into  view  and  meet  at  a  right 
angle.  But  the  ampulla  of  the  horizontal  canal  is,  here,  hidden  by  the  epihyal  (e.hy.), 
which  is  confluent  with  the  capsule,  and  by  the  facial  nerve  (VII.)  passing  through 
the  stylomastoid  foramen. 

The  occipital  arch  must  be  described  from  the  figures  of  the  complete  skull  (figs.  1-3) 
as  well  as  from  those  of  the  outspread  endocranium.  The  keystone  (figs.  1,  2,  s.o.)  is 
very  large,  and  its  evenly  emarginate  fore  edge  is  adapted  to  the  hinder  round  edge 
of  the  still  larger  interparietal  (ip.).  The  cartilage  is  wdde  between  it  and  the 
exoccipitals  ( e.o .),  and  they  are  separated  by  a  tract,  half  their  own  width  from  the 
polygonal  basioccipital  (b.o.)  whose  hind  margin  is  notched  to  form  the  fore  boundary 
of  the  large  foramen  magnum  (f.m.).  The  occipital  condyles  (oc.c.)  are  long-oval  in 
size  and  shape,  and  are  moderately  convex. 

The  foramen  condyloideum  (XII.)  just  behind  the  chink  for  the  9th  and  10th  nerves 
(IX.,  X.)  is  through  the  thick  cartilage  in  the  hrwer  edge  of  the  ex-occipital. 

The  deep  mandible  (mlc.)  in  its  proper  mandibular  part,  inside  the  superficial 
“ramus”  is  now  invested,  roughly,  with  bone,  possibly  derived  from  the  dentary  (d.). 
Under  the  condyloid  process  of  the  ramus  (cd.p.)  the  proximal  part  of  Meckel’s 
cartilage  has  acquired  a  sty li form  ectosteal  plate,  and  this  is  spreading  over,  and 
growdng  into,  the  head  of  the  malleus  (ml.)  nearly  up  to  the  articular  condyloid  facet 
for  the  incus.  That  facet  is  deep  and  selliform  ;  below  it,  the  hinder  margin  of  the 
malleus  is  semicircularly  notched,  and  has  an  unciform  angle. 

From  this  angle,  and  from  the  lower  edge  of  the  bony  centre,  the  main  enlargement 
grows  obliquely  forwards ;  it  then  dips  to  form  a  subglobular  posterior  angular  process 
(p.ag.)  from  which  the  manubrium  (fig.  7,  mb.),  arcuate  and  dilated  at  its  free  end,  passes 
fonvards.  The  incus  (i.)  is  perfectly  normal  ;  its  straight,  conical  “short  crus”  (s.c.i.) 
is  large,  and  its  “  long  crus  ”  ( l.c.i .)  is  thick,  well  inturned,  and  has  a  short-oval  orbicular 
plate  for  the  stapedial  head  ;  the  body  of  the  incus  is  rapidly  ossifying  from  the  hinder 
concave  margin.  The  stapes  (st.)  is  very  short,  has  an  almost  circular  fenestra,  and 
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a  very  perfectly  limbate  margin,  with  a  flat  outer  face  all  round,  for  insertion  into  tbe 
fenestra  ovalis.  I  did  not  find  any  interhyal  segment.  The  short  round  epihyal 
(tig.  2,  e.liy.)  is  followed  by  membrane  up  to  the  equally  small  hypohyal  (tig.  8,  h.hy.). 

The  basal  piece  ( b.h.br .)  is  a  longish  transverse  bar,  narrow  in  the  middle  where  it  is 
beginning  to  ossify,  and  then  where  it  reaches  the  hvpohyals  it  is  thicker  ;  thence,  at 
a  very  obtuse  angle,  the  thyrohyals  ( t.hy .)  grow  outwards  and  backwards,  without  any 
sign  of  segmentation  from  the  basal  piece. 

Third  Stage. —  Young  of  Centetes  ecaudatus  ;  3:}:  inches  long . 

I.  The  investing  hones  of  the  skull. 

At  this  stage,  before  the  development  of  the  crests  and  ridges  seen  on  the  hind 
skull  in  the  adult, *  the  general  form  is  like  that  of  a  Mole,  or  still  more  of  a  Shrew, 
as  there  are  no  jugal  bones.  Very  little  of  the  great  fontanelle  is  now  visible  at  the 
junction  of  the  parietals  and  frontals,  and  the  whole  investiture  of  bony  plates  is 
strong  and  smooth  ;  ossification  takes  place  very  rapidly  in  this  type,  but  not  so 
rapidly  as  in  the  Marsupials,  whose  premature  birth  is  provided  for  by  precocious 
ossification  of  the  skull.  Behind  the  moderately  long,  and  rather  slender  snout 
( cd.n .),  the  skull  is  at  first  narrow,  and  then  widens  gently  to  its  orbital  “  waist the 
temporal  region  is  the  widest,  notwithstanding  the  great  size  of  the  maxillaries  with 
their  large  teeth  and  tooth-sockets  (Plate  33,  tig.  1).  In  the  upper  view,  we  see  that 
the  nasals  (fig.  2,  n.),  flanked  by  the  premaxillaries  and  maxillaries  (px.,  mx.),  are 
long,  and  already  give  promise  of  the  intense  ossification  of  the  Tenrec’s  skull. 

The  notch  between  the  nasals  in  front  is  followed  by  a  suture  dividing  their  fore 
third,  and  behind,  there  is  a  slight  division  ;  for  the  rest  they  are  thoroughly  confluent. 
The  frontals  (f)  are  longer  than  the  nasals,  but  their  mutual  suture — the  frontal — is 
only  two-thirds  the  length  of  the  bones,  as  the  nasals  run  their  double  wedge  far  in 
between  them.  The  frontals,  in  turn,  to  a  less  degree,  divide  the  parietals  (p.),  and 
their  strong  suture — the  sagittal — is  only  two-thirds  the  length  of  the  frontal  suture. 
There  is  a  remarkable  amount  of  mutual  inter-wedging  above,  in  the  preorbital  region, 
for  the  frontals  divided  by  the  nasals  run  forwards  between  the  maxillaries  and  the  nasals, 
whilst  the  lesser  premaxillaries  do  the  same  between  the  nasals  and  maxillaries,  in 
front,  so  that  the  latter  only  reach  the  middle  part  of  the  nasals  for  a  short  distance. 

The  supraorbital  region  of  the  frontal  passes  very  gently  down  into  the  orbital,  and 
each  bone  gently  widens  out  to  the  postorbital  corner.  From  the  V-shaped  coronal 
suture  the  parietals  widen  at  first  very  little,  and  then  suddenly  in  the  temporal 
region  ;  they  are  bounded  behind  by  the  huge  interparietal  ( .i.p .),  and  divided  from 
it  by  the  lambdoidal  suture. 

The  suture  is,  here,  an  inverted  \J ,  and  is  similar  to  the  coronal ;  its  crura  are 
concave  in  front,  those  of  the  coronal  are  arched  forwards.  The  dentation  of  these 

*  See  Dobson’s  “  Inseotivora,”  Part  ii.,  Plate  8,  figs.  1,  1a. 
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non-persistent  sutures  is  very  strong,  as  in  the  Salamander’s  skull.  The  hinder  outline 
of  the  parietals  and  interparietal s,  together,  is  a  very  neat  semi-circle,  just  flanked, 
and  made  to  look  irregular  by  the  partial  view,  in  this  aspect,  of  the  squamosal, 
auditory,  and  supraoccipital  bones. 

In  the  side  view  (fig.  3)  the  parts  just  spoken  of  as  flanking  the  great  roof-bones, 
come  fully  into  sight,  as  also  the  bones  of  the  upper  face,  so  imperfectly  seen  from 
above. 

Behind  the  deflected  snout  ( al.n .),  the  strong,  oblique,  unciform  premaxillary  facial 
plate  ( px .),  is  seen  with  its  sharp  and  rather  large  teeth  ;  over  it  the  nasal  (n.)  is  seen 
somewhat;  the  maxillary  (mx.)  is  nearly  half  the  length  of  the  whole  bony  skull,  and 
is  a  notable  prophecy  of  what  this  bone,  with  its  heavy  burden  of  teeth,  will  become 
in  the  great  herbivorous  Eutheria ;  from  its  rounded  edge,  closely  fitted  to  the 
premaxillary,  it  runs  backwards  as  far  as  the  coronal  suture,  ending  there  as  a  flat,  free 
jugal  process.  A  low  triangle,  its  posterior  edge  is  shorter  than  its  anterior,  and 
that  is  the  most  irregular.  That  irregular  edge  bounds  the  front  of  the  badly  enclosed 
orbit ;  near  its  upper  part,  the  squamous,  perforated  lachrymal  (l.,  l  c.)  fits  into  a  deep 
recess,  and  below  this  the  great  infraorbital  foramen  (V3.)  runs  on,  forwards,  as  a  large 
groove  ;  it  is  very  feebly  finished,  outside,  by  an  arched  bar  which  articulates  with  the 
lachrymal.  Behind  that  suture  the  maxillary  is  seen  as  a  large  rounded  lobe  of  bone, 
the  outer  alveolar  wall  of  the  two  last  molars,  and  the  jugal  process,  all  in  one  tract. 
Even  now  the  frontals  and  parietals  have  separate  convexities,  that  of  the  former  is 
the  higher  of  the  two.  The  orbital  plate  is  notched  where  the  1st  branch  of  the  5th 
nerve  (V1.)  re-enters  the  skull,  and  there  the  frontal,  parietal,  orbitosphenoid  and  ali- 
sphenoid,  all  approach  each  other.  In  the  temporal  region  the  parietal  swells  over  the 
squamosal,  whose  scale-like  temporal  flange  overlaps  the  lower  edge  of  the  former; 
it  is  sharp  at  its  fore  corner,  where  it  lies  on  the  projecting  alisphenoid,  and  it  turns 
upwards  in  its  post-temporal  region,  to  bind,  tightly,  between  the  parietal  outside,  and 
above,  and  the  auditory  capsule  within,  and  below.  The  oblique  retreating  front 
margin  of  the  squamosal  is  notched,  and  meets  its  outer  oblique  edge  at  an  obtuse 
angle,  beyond  the  glenoid  cavity  ( gl.c .) ;  it  scarcely  projects  at  all  as  a  jugal  process. 
The  lower  postglenoid  facet  binds  upon  the  canal-region  of  the  auditory  labyrinth 
by  its  oblique,  toothed,  and  notched  posterior  margin.  This  side  view  shows  the 
interparietal  (ip.),  the  pterygoid  hook  (pg.)  and  the  annulus  ( a.ty .).  At  present, 
therefore,  the  temporal  fossa  is  badly  enclosed,  and  the  sagittal  and  lambdoidal  crests 
have  no  existence. 

In  this  same  side  view  the  mandible  is  seen  as  an  almost  crescentic  bone  ;  the  axis 
of  the  ramus  and  of  the  high  coronoid  process  (c p.),  being  coincident.  The  three 
processes  are  almost  equal,  for  the  smallest  of  the  three,  the  angular  ( agp .)  is  larger, 
than  it  seems  to  be  as  seen  from  the  side ;  seen  endwise  (fig.  3a)  it  has  a  thick 
limbate  in  turned  edge,  and  is  manifestly  Marsupial.  The  condyloid  process  ( cdp.\ 
is  oval,  transverse,  and  has  the  narrow  end  inwards.  The  dentary  canal  can  be  seen 
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from  behind,  protected  by  a  wing  of  bone  in  the  true  coronoid  region,  and  the 
remarkable  thickness,  roundness,  and  solidity  of  the  ramus  is  also  shown. 

The  lower  vieiv  (Plate  21,  fig.  1)  shows  a  large  pyriform  tract,  two  thirds  of  the 
whole  inferior  area,  covered  with  superficial  bones.  The  premaxillaries  (px.)  have  a 
considerable  dentary  edge,  and  long,  slender,  compressed  palatine  processes.  Each 
large  maxillary  (mx.)  shows  on  this  face  three  tracts,  first,  the  series  of  alveoli, 
expanding  from  before,  backwards  ;  then  the  outer  part  of  the  palatine  plate  wrought 
into  subtransverse  ridges,  and  hollow  with  perforations ;  and,  close  to  the  mid-line,  a 
narrow  tract,  on  a  higher  level.  The  tw7o  halves  of  the  palatine  plate  end,  in  front,  as 
spikes,  the  inner  binding  on  the  palatine  process,  and  the  outer  on  the  dentary 
region,  of  the  premaxillary.  The  inner  tracts  run  short  behind,  the  palatines  (pci.) 
wedging  in,  in  an  irregular  manner ;  the  outer  reach  as  far  backward  as  the  alveolar 
walls,  binding  strongly  on  the  outer  face  of  the  open  part  of  the  palatines.  The  rough 
splintery  fore  part  of  the  palatine  plate  of  the  palatines  is  split  for  some  distance, 
and  then  towards  the  transverse  ribbed  edge,  behind,  shows  the  posterior  palatine 
foramen  ( p.p.f '.).  Where  the  nasopalatine  passages  open,  there  both  at  the  middle  part 
and  the  sides  each  palatine  bone  is  thick  and  solid  ;  and  then,  suddenly  thinning  out, 
they  bind  on  the  small  subparallel  blunt-hooked  pterygoids  ( pg .) ;  the  pterygoid 
fossae  are  very  indefinite. 

Over  the  opening  of  the  nasopalatine  canal  the  vomer  (v.)  is  just  seen  in  its 
hinder  part ;  and  on  the  right  side  of  the  figure  the  annulus  (cu.ty.)  is  shown,  with  its 
thick  twisted  anterior,  and  its  sharp  posterior,  crus.  The  orbital  plate  of  the  frontal 
(f)  is  seen  in  the  distance,  and  the  squamosal  ( sq .)  shows  its  obliquely  oval  glenoid 
facet  ( gl.c .),  its  stunted  jugal  process,  and  its  short,  strong,  three-limbed  postglenoid 
tract,  with  the  postglenoid  pneumatic  foramen,  close  to  the  glenoid  cartilage. 

On  the  hinder  face  of  the  skull  (fig.  4)  we  get  an  imperfect  view  of  the  parietals, 
interparietals,  squamosals,  and  tympanies  (p.,  i.p. ,  sq. ,  ci.tg.). 

On  the  inside  of  the  skull,  with  the  septum  (s.n.,  p.e.),  perfect,  and  shown  from  its 
left  face,  we  get  an  instructive  view  of  the  investing  elements  of  the  skull.  In  front 
we  see  the  nasals  (n.)  above,  and  the  palatine  process  of  the  premaxillary  ( p.px .) 
severed  from  its  body  below ;  and  behind  it,  at  the  lower  edge,  the  palatine  plate  of 
the  maxillary  and  palatine  (p.mx.,  pci.),  and  the  free  retral  hook  of  the  pterygoid 
(pejf  growing  from  its  ascending  plate. 

Above,  the  frontals  (/),  at  their  edge,  and  in  their  orbital  region,  and  the  parietals 
and  interparietals  (p.,  i.p.) ;  the  imbrication  of  the  parietal  over  the  frontal  is  very 
great;  that  of  the  squamosal  (sq.)  below,  over  the  parietal,  is  very  moderate;  over 
this  latter  squamous  suture  the  elegant  furrow  for  the  lateral  sinus  (s.c.)  is  well  seen. 

But  the  most  remarkable  of  all  the  investing  bones  still  remain  to  be  described,  and 
are  best  seen  in  this  view  ;  these  are  the  large  vomers  (Plate  33,  fig.  5,  v.,  v .,  v" .).  In 
the  earlier  stage  (Plate  32)  I  failed  to  find  a  distinct  anterolateral  vomer ;  this  bone 
appears  to  be  connate  with  the  palatine  process  of  the  premaxillary,  as  in  some  other 
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kinds.  It  is  represented  here  (Plate  33,  fig.  5)  by  the  rising  on  the  upper  edge  of  the 
palatine  process  of  the  premaxillary  (p.px.)  close  in  front  of  the  foremost  vomer  (v'.). 

Here  the  posterolateral  vomers  that  bind  the  hind  part  of  the  main  vomer  (v.)  to 
the  lateral  ethmoidal  masses  (Plate  33,  figs.  5  and  8,  v".)  are  well  developed  but  not 
large. 

The  main  vomer  of  the  unripe  embryo  (Plate  32,  fig.  6,  v.)  was  shown  to  be 
extremely  large,  thick,  and  spongy  ;  now  (Plate  32,  figs.  5,  8)  it  is  in  three  pieces, 
and  these  are  not  arranged  on  one  plane,  as  in  the  Marsupials  (which,  as  I  shall  show 
in  my  next  paper,  have  many  separate  vomers)  but  the  large  upper  bone  (v.)  lies  in 
the  trough  of  the  two  lower  pieces.  These  occupy  about  the  first  and  second  third 
of  its  length  (see  also  fig.  8,  showing  the  hind  part  of  the  second  lower  piece  (■ v '.),  and 
the  hind  third  of  the  main  bone  v.). 

The  subdivision  of  a  primarily  single  centre  is  much  more  frequent  in  the  higher 
Vertebrata  than  I  had  imagined,  a  process  curiously  in  contrast  with  that  more 
familiar  phenomenon — ankylosis  of  primarily  distinct  bones. 

This  special  peculiarity  of  the  Tenrec,  and  of  the  Centetidse,  generally,  as  I  shall 
soon  show,  is,  after  all,  merely  a  modification  of  the  Marsupial  type  of  structure,  and 
it  is  not  the  only  instance  in  its  skull  of  a  new  Insectivorous  character  formed  by  a 
very  gentle  modification  of  an  old  Marsupial  one.'" 

I  have  already  referred  to  the  only  other  splint-bone  to  be  noticed,  namely,  the 
annulus  tympanicus  (figs.  1,  3,  4,  a.ty.) ;  this,  as  seen  from  the  inside,  separated  from 
the  skull  (figs.  6  and  7,  a.ty.),  is  an  imperfect  ring  of  bone,  convex  on  its  outer  side, 
ribbed  at  the  edge  and  then  scooped  on  the  inner  side ;  it  is  irregularly  crenate  on 
its  inner,  growing  edge ;  its  elongated  front  limb  binds  strongly  on  the  outer  side  of 
the  huge  processus  gracilis  of  the  malleus  ( p.gr .). 

Third  Stage  (continued). — On  the  endocraniurn  of  the  Young  Tenrec. 

By  a  comparison  of  what  is  shown  in  the  various  figures  just  referred  to  we  shall  be 
able  to  understand  the  structure  of  the  inner  skull ;  the  younger  stage  (Plate  32)  will 
help  us  in  the  interpretation  of  its  parts  and  regions. 

The  snout  (fig.  3,  al.n.),  as  seen  from  the  side,  leans  over  at  the  fore  end;  the 
nostril  ( e.n .)  is  large,  oblique,  and  well  surrounded  by  a  valvular  fold ;  it  is  also  made 
more  complex  by  an  internarial  lobe,  above.  The  fenestra  in  the  fore  part  ot  the 
septum,  seen  in  the  last  stage  (Plate  32,  fig.  6,  s.n.),  is  now  filled  in  with  cartilage, 

*  The  process  itself,  by  which  a  thick  spongy  bone  splits  into  concentric  laminae,  is  quite  like  that 
which  is  seen  in  the  bark  of  the  Plane  tree  (Plat anus).  Considered  architecturally,  in  the  building  of 
the  skull,  it  is  oddly  unlike  anything  wrought  by  art  or  Man’s  device ;  and  as  a  mode  of  the  imbrication 
of  bony  scutes,  everywhere,  from  the  Ganoids  to  the  highest  Mammals,  so  familiar  to  us,  this  is 
(apparently)  unique.  The  greater  part  of  the  huge  rounded  septo-ethmoidal  base,  or  intertrabecula, 
lies  over  one  large  semitubular  Italic,  which  is,  itself,  sheathed  by  two  similar  but  smaller  semitubular 
pieces. 
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and  the  great  partition  is  complete  from  front  to  back  (Plate  33,  fig.  5,  al'.n.,  s.n.,  p.e.); 
that  tract,  now  partly  bony  (p.e.),  is  almost  tliree-fourths  the  length  of  the  whole 
basicranial  axis,  for  a  time,  in  this  young  suckling.  The  huge  rounded  intertrabecular 
base  of  the  septum  is,  in  the  figure,  largely  hidden  by  the  vomers,  whose  swelling 
form,  however,  tell  of  the  bulk  of  the  mass  of  cartilage  covered  by  them.  The  septum 
nasi  (s.n.)  is  low,  and  the  perpendicular  ethmoid  ( p.e.)  rises  to  no  great  height 
between  the  large  cribriform  plates  ( cr.p .).  There  is  no  cartilaginous  crista  galli ; 
from  the  free  margin  of  the  partition,  a  little  forwards  and  then  backwards,  two-thirds 
of  the  way  to  the  presphenoid  (p.s.),  the  perpendicular  ethmoid  is  bony,  already. 
Bone  is  now  seen  in  the  base  between  the  two  orbitosphenoids ;  this  is  the  pre- 
sphenoidal  region  ( p.s .),  doubtfully  or  only  partially  independent  as  a  bony  centre. 
The  orbitosphenoids  (o.s.),  and-  alisphenoids  (al.s.)  are  scarcely  seen  at  all  in  this 
internal  sectional  view,  they  lie  down  so  low,  infero-laterally.  But  their  upper  margin 
is  shown,  and  in  the  other  lateral  view  (outside,  fig.  3)  their  structure  and  relations 
can  be  seen. 

The  optic  nerve  (fig.  3,  II.)  emerges  above  and  inside  the  wide  sphenoidal  fissure 
(V1,2)  ;  its  passage  through  the  middle  of  the  proximal  part  of  the  orbitosphenoid 
was  shown  in  the  last  stage  (Plate  32,  fig.  5,  o.s.,  II.).  The  orbitosphenoid  is  also 
seen— in  the  distance — in  the  lower  view  (Plate  33,  fig.  1,  o.s.)  bound  upon  by  the 
orbital  plate  of  the  frontal  (/.). 

The  posterior  sphenoid  forms  a  very  large  part  of  the  endocranium,  and  attains 
here  its  fullest  development  as  a  special  (Insectivorous)  type.  The  overlapping  of 
the  orbitosphenoid  by  the  alisphenoid  is  seen  well  in  the  side  view  (fig.  3,  o.s.,  al.s.), 
and  in  that  aspect  the  foramen  ovale  (V3.)  and  the  additional  hole  or  hind  opening  of 
the  alisphenoidal  canal  (al.s.c.)  in  front  of  it  also  ;  the  front  overlapping  lamina  mounts 
up,  and  is  seen  under  the  junction  of  the  frontal  parietal  and  squamosal ;  the  external 
pterygoid  process  is  aborted.  Below  (fig.  l),  the  posterior  sphenoid  is  seen  to  extend 
from  the  place  where  the  maxillaries  overlap  the  palatines  in  front,  to  the  foramen 
lacerum  posterius  (IX.,  X.),  behind  ;  thus  this  great  region  ends,  behind,  opposite  the 
middle  of  the  basioccipital  (h.o.).  This  extreme  front  and  hind  extension  is  peculiar 
to  the  typical  Inseetivora,  and  is  due  to  the  forward  growth  of  the  alisphenoid  at  a 
good  distance  outside  the  orbitosphenoid,  so  making  the  sphenoidal  fissure  a  side 
passage  to  the  skull ;  whilst,  behind,  the  tympanic  wings  of  the  basisphenoid  grow 
beyond  their  root,  and  thus  extend  that  bone,  backwards. 

There  is  still  some  cartilage  at  the  mid-line  in  the  fore  part  of  the  presphenoidal 
region  (fig.  5,  p.s.),  but  where  the  two  orbitosphenoids  have  met  further  back  the 
bony  base  is  complete,  and  that  tract  has  already  coalesced  with  the  fore  part  of  the 
independent  basisphenoid  (b.s.)  (see  also  Plate  32,  figs.  4,  5,  p.s.,  b.s.),  the  basi- 
sphenoidal  region  is  full  twice  the  extent  of  the  presphenoidal.  The  remarkable 
hollow  under  the  fore  part  of  the  basisphenoid  of  the  Hedgehog  (Plates  17,  20,  and  21) 
is  also  seen  here,  and  the  pituitary  floor  (sella  turcica)  is  perforated ;  this  hole, 
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however,  appears  to  be  secondary  and  not  primary  as  in  the  Hedgehog.  I  did  not 
see  it  in  the  embryo  (Plate  32,  figs.  4,  5,  b.s.),  so  that  tins  character  is  not  primary, 
as  in  the  Hedgehog. 

The  tympanic  wings  ( t.h.s. .)  are  more  clearly  marked  off  from  the  main  basal  bone 
than  in  the  Hedgehog,  and  thus  a  clue  is  got  to  their  real  nature  ;  they  are  mere 
periosteal  outgrowths,  and,  bad  they  arisen  independently,  their  homology  with  the 
“  ossa  bullae  ”  of  the  Marsupial  would  have  been  seen  at  once  ;  they  are  the 
morphological  equivalents  of  those  bones.  These  tracts  are  roughly  in  the  shape  of 
the  shell  of  a  bivalve  Mollusk,  but  they  grow  inwards  ;  in  front,  the  right  and  left 
processes  meet.  Behind  this  junction  only  a  small  triangular  space  of  the  ba si- 
sphenoidal  botie  is  seen,  it  is  somewhat  apiculated ;  at  the  middle,  the  synchondrosis 
is  still  present.  These  shells  (or  wings)  grow  outwards  and  backwards  some  distance 
beyond  their  root. 

The  alisphenoids  are  confluent  with  their  common  key-stone  piece  ( al.s .,  h.s.),  they 
are  very  large,  reaching  from  the  fore-third  of  the  tympanic  wings  (fig.  1)  to  the 
bottom  of  the  coronal  suture  (fig.  3).  Thus  they  lie  over  the  large  tympanic  cavity  in 
its  front-third  ;  they  also,  like  their  basal  piece,  have  developed  a  large  tympanic 
wing  ( t.al.s .)  in  front  of  the  tympanic  cavity  ;  this  wing  has  converted  the  hinder 
angular  notch  (Plate  32,  figs.  4,  5  ;  and  Plate  33,  figs.  1,  3)  into  a  foramen— the 
foramen  ovale  (V3.). 

The  hole  through  the  alisphenoid,  further  forwards,  is  the  hinder  opening  of  the 
alisphenoidal  canal  (al.s.c.)  ;  the  2nd  branch  of  the  trigeminal  escapes  through  the 
sphenoidal  fissure.  The  subdistinct  tympanic  ake  of  the  basisphenoid,  the  very  large 
alisphenoids,  and  their  tympanic  wings,  are  all  characters  that  are  Marsupial,  or 
nearly  so. 

But  the  internal  carotids  do  not  enter  the  skull  through  the  basisphenoid  ;  there  is 
no  foramen  rotunclum ;  there  is  a  hollow  recess  under  the  basisphenoid,  and  the 
alisphenoids  have  broken  away  from  the  general  skull  wall,  far  outside  the  orbito- 
splienoids.  In  Marsupials,  however,  this  does  not  take  place,  but  the  planes  of  these 
alas  are  coincident,  and  the  alisphenoid,  as  well  as  the  orbitosphenoid,  ossifies 
upwards  into  the  great  supero-lateral  band  of  cartilage. 

All  these  things  are  intelligible ;  these  low  Eutheria  are  developing  typical 
characters,  which  are  curiously  mixed  up  with  certain  archaic  characters  inherited 
from  the  forms  on  a  lower  level  (Metatheria),  from  which  these  Insectivores  once 
sprung. 

The  auditory  capsules  are  relatively  less  now  than  they  were  in  the  unripe  embryo 
(Plates  32,  33),  only  the  supra-auditory  crest — running  into  the  supraoccipital,  where 
it  is  joined  by  the  exoccipital — is  still  cartilaginous. 

The  cochleae  (fig.  1,  chi.)  are  well  formed,  and  their  position  is  almost  transverse; 
the  tegmen  tyrnpani  is  burrowed  by  the  facial  nerve  (VII.),  which  emerges 
behind  and  within  the  stunted  epihyal  ( e.hy .) ;  behind  the  stylomastoid  foramen) 
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the  opisthotic  region  grows  into  a  distinct  mastoid  process.  The  fenestra  ovalis  ( fs.o .) 
is  seen  inside  the  canal  for  the  facial  nerve,  and  the  large  fenestra  rotunda  (f  r.)  is 
reniform,  being  notched  somewhat  in  front.  A  considerable  tract  of  the  bony  capsule 
is  seen  behind  the  squamosal  (figs.  3,  4);  the  canals  (a.s.c.,  h.s.c.,  p.s.c.)  mark  this 
part,  but  the  anterior  canal  is  best  seen  on  the  inside  (fig.  5),  in  front  of  the  recess 
for  the  “flocculus  (f.r.).”  Behind  this  moderate  hollow  the  thickened  bone  contains 
the  common  sinus  of  the  anterior  and  posterior  canals.  The  large  meatus  internus 
(VII.,  VIII.)  is  oblique,  going  backwards  and  downwards  ;  the  passage  for  the  facial 
nerve,  in  front,  is  well  marked.  The  occipital  arch  has  its  elements  still  separated  by 
considerable  tracts  of  cartilage;  the  basioccipital  (b.o.)  is  a  sinuous,  transversely 
polygonal  plate,  sharply  notched  in  front,  where  the  notochord  ran,  and  having  a 
concave  margin  behind,  at  the  foramen  magnum.  The  supraoccipital  ( s.o .)  is  a  large 
shield  of  bone,  thickened  and  convex  along  its  middle,  and  arching  over  the  foramen 
magnum  by  its  lower  edge.  The  exoccipitals  ( e.o .)  form  a  very  small  paroccipital 
ridge  behind  the  mastoid  process;  the  foramen  condyloideum  (XII.),  close  behind  and 
within  the  posterior  lacerated  foramen  (IX.,  X.),  is  large.  The  whole  arch  is  small 
relatively  to  the  rest  of  the  skull,  and  this  is  Eutherian  in  this  respect. 

Meckel’s  cartilage  (figs.  3,  6,  mJc.)  is  being  lost  in  the  mandible  in  front  ;  where  it 
has  become  free  behind,  tracing  it  backwards  and  upwards,  it  is  still  quite  thick  and 
is  endosteally  ossified,  continuously  with  its  proximal  part,  the  malleus  (ml.).  The 
primary  ossification  (Plate  32,  fig.  7,  ml.)  is  ectosteal,  and  now,  on  the  inside,  this  is 
roughly  and  imperfectly  subdivided  into  three  bony  laths,  binding  the  front  of  the 
head  of  the  malleus,  which  is  now  well  ossified  throughout,  the  endosteal  tract  seen 
in  the  early  state  (Plate  32,  fig.  7,  ml.)  having  used  up  all  the  cartilage  except  the 
selliform  condyle. 

Here  we  have  the  counterpart,  first,  of  the  endosteal  or  inner  articulare  of  the 
Sauropsida ;  and  then  the  outer  articulare,  the  supra-angulare,  and  the  angulare  of 
the  endocranial  mandible,  in  a  state  of  imperfect  differentiation. 

Below  the  condyle  the  malleus  projects  towards  the  incus  ( i .),  the  head  is  then  bent 
on  itself,  growing  obliquely  forwards ;  it  gives  off  two  processes,  manifestly  equal  to 
the  internal  and  posterior  angular  processes  of  the  Bird  ;  the  latter  is  represented 
here  by  a  rounded  knob  ( cig.p .),  and  the  former  by  the  long  straight,  slender 
manubrium  (mb.).  On  the  outside  the  malleus  is  strongly  tied  by  the  anterior  crus 
of  the  annulus  (figs.  7  and  8,  a.ty.) ;  behind  that  bar  the  malleus  grows  into  a  crescentic 
foliaceous  plate  and  is  concentrically  grooved  to  a  less  degree  in  front  of  the  condyle, 
and  much  more  in  front  of  the  foliaceous  outgrowth.  All  these  things  admit  of  no 
Teleological  interpretation,  but  show  that  the  hinder  third  of  the  Sauropsidan  type  of 
mandible  is  here  aborting  itself,  so  to  speak,  into  an  Eutherian  malleus. 

The  incus  (fig.  6,  i.)  is  well  formed  ;  the  short  crus  (s.c.i.)  straight  and  conical,  and 
the  long  crus  ( l.c.i .)  is  short,  capped  with  an  orbicular  facet  where  it  turns  inwards 
to  articulate  with  the  stapes, 
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The  stapes  (st.)  is  thoroughly  typical,  having  an  unusually  large  foot-hole.  I  see 
no  interhyal  in  the  hinder  of  the  stapedius  muscle  (st.  to.,  see  also  Plate  32,  fig.  7). 

The  very  Marsupial  os  hyoides  (fig.  9)  has  small,  unossified  hypohyals  ( h.liy .)  on  a 
transverse  basihyal  (b.h.br.) ;  this  is  ossified  now,  and  so  are  the  thyrohyals  (t.liy.) 
which  are  now  segmented  from  it ;  they  were  not  in  the  last  stage  (Plate  32,  fig.  8). 

Going  back  again  to  the  olfactory  region,  we  find  that  the  nasal,  inferior,  upper, 
and  middle  turbinals  (fig.  10,  n. tb. ,  i.tb.,  u.tb.,  m.tb.)  are  large  and  well  developed,  but 
at  present  they  are  cartilaginous. 

For  a  description  and  figures  of  the  adult  skull  the  reader  is  referred  to  Dr.  Dobson’s 
invaluable  work  (Part  I.,  p.  72  ;  and  Part  II.,  plate  8).  The  whole  structure  is  as  much 
modified  from  what  I  have  shown  in  the  young  (Third  Stage)  as  that  is  from  the  skull 
of  the  unripe  embryo  (Second  Stage).  Its  great  length,  and  the  large  size  of  its 
transverse  and  longitudinal  crests,  make  it  one  of  the  most  remarkable  skulls  in  the 
whole  Order. 

On  the  skull  o/’ITemicentes  (sub-adult). 

For  figures  and  a  description  of  the  adult  skull  of  this  type  the  reader  is  referred  to 
Prof.  Mivart’s  Paper  (Proc.  Zool.  Soc.,  Jan.  17,  1871,  p.  5S),  and  for  a  further 
account  of  this  type  to  Dr.  Dobson’s  Monograph  (Part  I.,  p.  69). 

Fortunately,  my  specimens — one  of  Id.  madagascariensis  (Plate  34,  figs.  1-5),  and 
another  of  II.  nigrescens  (Plate  34,  figs.  6-9) — were  not  quite  full-grown,  and  therefore 
yielded  me  better  results  for  my  special  work  than  older  skulls  would  have  done. 

On  the  investing  bones  of  the  skull  of  Hemicentetes. 

This  extremely  elongated  skull  gains  its  great  length,  as  in  most  other  Mammals 
with  a  long  head,  not  by  elongation  of  the  premaxillaries,  as  in  longirostral  Birds,  but 
by  the  great  length  of  the  maxillaries  and  nasals. 

The  upper  view  (Plate  34,  fig.  2)  shows  that  the  nasals  (n.)  are  more  than  half  the 
length  of  the  bony  skull ;  they  are  much  separated  in  front,  and  their  suture  only 
reaches  to  the  middle  ;  in  their  hinder  half  they  are  completely  ancliylosed.  The 
fore  part  of  each  is  a  mere  style  of  bone  ;  the  united  hind  part  is  a  convex  lanceolate 
tract,  overlapped  at  its  edges  by  the  thin  internal  edge  of  the  divaricated  frontals  (/). 
The  facial  plate  of  the  premaxillaries  (px.)  is  about  a  fifth  of  that  of  the  maxillaries 
(to./'.),  but  the  upper  margin  is  extended  backwards  between  each  nasal  and  maxillary, 
so  as  to  keep  those  bones  apart  for  the  front  half  of  their  related  edges.  Each 
maxillary  shows  two  regions  laterally,  the  lower  or  alveolar  is  seen  in  the  distance  in 
this  view,  but  the  upper  is  in  full  view,  it  runs  well  up  to  the  badly  defined  orbit ;  the 
whole  of  this  upper  facial  tract  is  a  long,  gently  convex  lath  of  thin,  but  strong,  bone ; 
it  reaches  a  little  further  backwards  than  the  nasals,  and,  below  and  behind,  shows 
between  itself  and  the  alveolar  part,  the  infraorbital  opening  (V3.). 
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The  frontals  and  parietals  (f,  p.)  have  a  nearly  equal  axial  length,  but  the  former 
are  far  inferior  to  the  parietals  in  width. 

The  frontal  and  coronal  sutures  are  perfect,  at  present,  and  are  semi-squamous  ;  the 
two  frontals  mutually  overlapping  each  other,  in  this  place  and  that,  and  the  parietals 
overlapping  the  frontals  laterally. 

Where  the  frontals  are  wedged  in  between  the  nasals  and  maxillaries  there  they  are 
very  thin,  sharply  angular  in  form,  and  splintered  at  their  edges. 

Behind,  they  run  in  between  the  parietals,  with  strong  dentations  ;  their  orbital  edge 
is  rounded  and  smooth,  and  has  a  gently  arcuate  outline.  The  parietals  (p.)  run 
as  far  forwards,  below,  as  they  retreat,  above ;  inside  the  gently  concave  temporal 
fossae,  they  swell  together,  into  a  dome-like  structure,  which  is  divided  by  the  sagittal 
suture.  This  is  larger  than  the  general  convexity  of  the  frontals  ;  but  it  is  enlarged 
still  more  by  the  subconcave  part  which  extends  into  the  temporal  fossae.  The 
squamous  suture  with  the  squamosal  (sq.)  is  not  well  seen  from  above ;  the  wedge¬ 
like  fore  part  of  the  interparietal  (i.p.)  is  more  clearly  defined  than  its  narrow, 
extended  outer  wings  ;  it  is  rather  a  large  bone,  and  is  convex  above,  where  it  fits  to 
the  fore  margin  of  the  supraoccipital  ( s.o .).  It  there  forms  the  lambdoidal  crest;  but 
the  sagittal  crest  has  not  any  existence,  at  present,  and  there  is  a  shallow  concavity 
running  across  the  skull  where  the  parietals  and  interparietals  meet,  which  connects 
together  the  two  temporal  fossae. 

The  side  view  (Plate  34,  fig.  3)  brings  out  things  that  are  not  well  seen  from  above ; 
it  shows  a  dorsal  line  gently  sinuous,  with  even  fewer  interruptions  than  the  lateral 
outline  which  is  broken  by  the  hind  part  of  the  maxillaries ;  compared  with  normal 
skulls  it  looks  as  though  it  had  been  artificially  elongated  whilst  in  a  plastic  state ; 
the  great  distance  of  the  teeth  from  each  other  increases  this  appearance.  The 
dentary  edge  of  the  premaxillary  ( px .)  is  only  one-fifth  the  extent  of  that  of  the 
maxillary  (mx. ) ;  the  whole  line  is  gently  sinuous,  convex  in  front  and  behind, 
and  concave  in  the  middle.  The  nasals  ( n .)  are  scarcely  seen  from  this  aspect,  but 
the  maxillary  is  well  displayed,  with  its  upper  facial  plate,  its  infraorbital  hollow 
passage  and  narrow  bridge  (V3.),  and  the  hills  and  hollows  caused  by  the  series  of 
teeth.  The  maxillary  ends,  behind,  in  thin  lobes,  the  upper  of  these  is  broad,  and 
overlaps  the  small  angular  lachrymal  (l.)  with  its  canal  ( l.c .)  in  front,  in  the  notch 
between  the  upper  and  lower  outer  lobes ;  the  lower  lobe  is  sharp  and  upturned,  it  is 
the  end  of  the  alveolar  region.  The  third  lobe  is  a  flattish  tridentate  tract,  further 
inwards,  and  binds  upon  the  palatine  (pa.).  The  orbital  plate  of  the  frontal  (f)  runs 
down  to  the  middle  tooth  of  this  inner  lobe  of  the  maxillary  ;  its  hollowest  space  is 
the  shortish  tract  between  the  lachrymal  and  the  overlapping  parietal.  The  hinder  and 
most  convex  part  of  the  frontal  where  it  passes  under  the  parietal  is  not  marked  by 
any  lines  or  grooves,  but  in  front  of  that  tract  it  is  sinuous,  rising  and  falling  over  the 
turbinal  coils  within,  which  shine  through  it,  as  through  a  thin  plate  of  horn.  The 
hinder  margin  of  the  orbital  plate  is  notched,  deeply,  by  the  outstanding  alisphenoid 
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(al  and  behind  this  part  the  narrow  fore  corner  of  the  parietal  lies  over  it.  The 
parietal,  in  this  aspect,  is  seen  as  a  fine  shell  of  bone,  with  its  hinder  three-fourths 
overlapped  by  the  squamosal.  That  scale  is  perforated  at  its  hinder  part,  near  the 
almost  straight  squamous  suture. 

The  squamosal  ( sq .)  is  ribbed  (or  limbate),  outside,  the  fore  part  of  the  thick  edge 
being  the  rudiment  of  the  jugal  process,  which  however  scarcely  projects  beyond  the 
glenoid  cavity  ( gl.c .).  The  thick,  ribbed  edge  dips  and  forms  the  post-glenoid  tract 
behind  its  middle  ;  it  then  rises,  and  runs  into  the  low  lambdoidal  crest,  which  is 
formed  above  by  the  interparietal  (i.p.).  The  palatine  (pa.)  is  hidden  by  the  maxillary 
in  this  aspect,  but  the  pterygoid  (pg. )  is  seen  with  its  short,  blunt  hook  ;  the  tympanic 
( a.ty .)  also  just  comes  into  view. 

The  dentary  region  of  the  lower  jaw  (d.)  is  not  much  more  than  half  the  length  of 
the  ramus  ;  it  is  as  remarkable  for  its  slenderness,  as  the  hinder,  shorter  part  is  for  its 
breadth.  The  coronoid  process  (c.jp.)  is  small,  and  uncinate;  it  is  separated  from  the 
large,  well-formed  condyloid  process  (cd.p.)  by  a  round  notch.  The  angular  process 
( ag.p .)  is  separated  from  the  condyloid  by  a  round  notch  twice  as  large  as  the  upper  : 
it  is  twice  as  large  as  the  coronoid,  and  also  uncinate ;  hooking  towards  the  coronoid 
hook.  Below,  the  angular  process  is  notched  and  another  third  sharp  hook  is  seen  ; 
there  (see  also  fig.  5)  the  bone  is  very  thick,  and  both  the  thickening  and  the  hook 
are  curved  inwards,  as  in  Marsupials.  The  outer  face  of  the  broad  divided  part  of  the 
ramus  is  made  concave  by  the  outward  leaning  of  the  coronoid  process  (fig.  5). 

The  lower  view  (fig.  1)  shows  the  peculiar  lathiness  of  the  palatal  region,  the  bones 
having  much  the  character  of  those  investing  the  face  of  the.  embryo  of  a  longirostral 
Bird. 

The  premaxillaries  (px.)  show  four  parallel  tracts  ;  the  two  outer  are  the  alveolar, 
and  the  two  inner  are  the  palatine  regions,  and  these  are  separated  by  a  deep  cleft, 
ending  in  a  round  notch  in  front,  where  Jacobson’s  organs  (j.o.)  open  in  the  anterior 
palatine  foramina.  Bight  and  left  of  the  median  suture  each  maxillary  palatine  plate 
is  split  half-way  backwards  to  the  palatine  bone  (pa.)  ;  the  inner  spikes  bind  on  the 
inner  spikes  of  the  premaxillaries,  and  the  outer  splintery,  interalveolar  tracts  bind 
against  the  alveolar  tracts  of  the  premaxillaries.  Then  each  palatine  plate  of  the 
maxillary  is  hollow  at  the  mid-line,  and  against  the  alveoli,  and  convex  along  its 
middle,  up  to  the  palatine  bone,  which  impinges  upon  the  hinder  third  of  the 
maxillary.  This  latter  bone  then  divides  into  a  short  jugal  and  a  long  inner  process. 
The  hollow  behind  the  last  tooth  is  the  infraorbital  canal  (V3.),  and  the  small,  bony 
bridge  over  it  is  seen  in  the  distance.  The  palatines  (pa.)  are  very  long,  nearly  as 
long  as  the  submesial  part  of  the  maxillary  palatine  plate ;  they  run  in  under  those 
tracts,  first  with  an  inner,  and  then  with  an  outer  spike  ;  only  their  front  two-fifths  is 
complete  up  to  the  mid-line,  for  they  soon  form  a  thick  short  process,  which  meets  its 
fellow  at  an  obtuse  angle  over  the  open  nasopalatine  passage.  Each  palatine  is  there 
convex,  and  a  little  broader  than  the  open  space  in  the  middle  ;  the  bone  widens  to 
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bend  on  the  end  of  the  maxillary,  and  is  then  cut  away,  so  to  speak,  to  receive  the  fore 
part  of  the  ascending  plate  of  the  pterygoid  (jpg.).  The  latter  spreads  out  under  the 
basisphenoid  (b.s.),  and  is  ankylosed  with  it,  some  distance  behind  and  above  the 
hamular  process  or  hook.  In  this  view  the  orbital  region  of  the  frontal  (f )  is  seen  in 
the  distance,  a  large  space  existing  between  it  and  the  bulging  alisphenoid.  On  the 
right  side  of  the  figure  the  annulus  (a.ty.)  is  shown  ;  it  is  well  formed,  convex 
outside,  has  a  retreating,  broad,  notched,  anterior  crus,  and  a  strong,  crescentic  hinder 
crus ;  both  these  crura  are  strapped  on  to  a  strong  ridge  of  the  squamosal,  inside  and 
behind  the  oval  glenoid  cartilage  ( gl.c .).  Round  that  facet  the  latter  bone  is  thickened 
everywhere,  though  the  inner  and  front  part  of  that  thickening  is  the  stunted  jugal 
process.  The  post-glenoid  tract  bends  back  against  the  bony  auditory  capsule  and  the 
inner  edge  is  excavated,  and  united  by  a  serrated  suture  with  the  tympanic  wing  of 
the  alisphenoid  ( al.s .),  thus  helping  to  form  the  tympanic  cavity,  as  well  as  to  enlarge 
the  tegmen  tympani. 

In  the  end  view  (fig.  5)  the  investing  bones  (i,p.,p.,  sq.)  are  but  little  seen;  a  side 
view  of  the  septum  of  the  olfactory  organs  (fig.  8)  shows  the  large  and  remarkable 
vomerine  series  of  bones.  These  are  quite  similar  to  those  of  Centetes  (Plate  33) ; 
there  is  a  large  upper  semitubular  vomer,  proper  (v.),  and  two  lesser  semitubular 
bones  sheathing  it  (v.).  Behind,  the  main  bone  has  attached  to  it  a  pair  of  postero¬ 
lateral  centres  (v".) ;  the  antero-lateral  vomers  are  not  distinct  from  the  palatine 
processes  of  the  premaxillaries  ( px .). 

The  endocranium  of  Hemicentetes. 

The  snout  (al.n.,  e.n.)  is  straight  and  bulges  at  the  end  and  below ;  the  nostrils  are 
surrounded,  except  below,  by  a  valvular  fold  of  cartilage,  they  look  downwards  and 
forwards,  and  the  antero-inferior  face  of  the  snout  is  oblique.  The  fore  part  of  the 
septum  nasi  (fig.  7,  s.n .)  is  obliquely  oval,  answering  to  the  form  and  direction  of  the 
snout ;  the  rest  is  a  very  low  crest  to  a  very  solid  and  well-marked  intertrabecula 
( i-tr .).  Where  the  septum  becomes  ethmoidal  there  it  rises  into  a  low  triangle,  and  is 
ossified  as  the  perpendicular  ethmoid  ( p.e .) ;  it  has  a  kidney-shaped  swelling  with  the 
“hilus”  looking  forward,  just  in  front  of  its  free  inter-olfactory  crest.  The  whole  septum 
is  rather  saddle-backed  ;  it  has  a  considerable  cartilaginous  tract  behind,  between  the 
large  bony  plate  and  the  presphenoid  (p.s.).  The  latter  tract  is  hidden  from  view  in 
the  lower  aspect  (fig.  1)  by  the  main  vomer  (v.) ;  the  orbitosphenoids  (o.s.)  can  be  seen 
in  the  side  view  (fig.  3),  they  are  perforated  by  the  optic  nerve  (II.)  as  can  be  seen  by 
looking  forwards  through  the  foramen  magnum.  In  that  figure  the  alisphenoids  (al.s.) 
can  be  seen  both  above,  where  they  form  the  curious  thin  dentate  outer  wall  to  the 
intersphenoidal  passage,  and  also  below,  where  the  hinder  openings  of  the  alisphe- 
noidal  canal  (al.s  c.)  is  seen  a  little  in  front  of  the  foramen  ovale  (V.).  That  canal 
opens  in  front  into  the  general  cavity  of  the  wide  “  sphenoidal  fissure  ”  (or  passage). 
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In  the  lower  view  (fig.  1),  the  foramen  ovale  (V3.)  is  seen  just  inside  the  stunted 
jugal  process  of  the  squamosal  and  the  glenoid  facet  ( gl.c .),  but  the  canal  ( al.s.c .)  is 
hidden  by  a  lamina  of  bone,  and  the  extremely  outward  position  of  the  thin  shell-like 
alisphenoidal  wail  is  seen,  and  the  crescentic  notch  that  emarginates  its  oblique  front 
edge.  The  huge  alisphenoid — nearly  as  large  as  in  a  Marsupial — forms,  behind  the 
foramen  ovale  (V3.),  an  oblique  strongly  dentated  suture  with  the  inner  edge  of  the 
squamosal,  and  then  becomes  hollow  over  the  tympanic  cavity,  outside  the  tympanic 
wing  of  the  basisphenoid.  The  hinder  edge  of  that  supratympanic  lamina  is  deeply 
notched,  and  terminates  close  in  front  of  the  cochlea  (chi.). 

The  shell-like  tympanic  wings  of  the  basisphenoid  ( t.b.s .)  reach  as  far  forward  as  the 
foramen  ovale  (V3.)  in  front,  and  nearly  to  the  fenestra  rotunda  ( fr .)  behind  ;  they  are 
manifestly  “  bullae  ”  that  have  lost  their  distinctness  from  the  basisphenoid,  whilst  the 
hollow  cavity  of  the  greatly  extended  alisphenoid  is,  as  surely,  the  counterpart  of  the 
tympanic  wing  of  that  bone  seen  in  Marsupials.  The  hollow,  in  front,  under  the 
basisphenoid,  is  present,  but  it  is  not  so  much  marked  as  in  Centetes ;  the  rest  of  the 
basisphenoid  is  of  an  hour-glass  shape  and  is  somewhat  carinate ;  its  hind  edge  is 
bracket-shaped  and  is  separated  from  the  basioccipital  (6.0.)  by  a  clear  synchondrosis. 

The  auditoiy  capsules  are  ossified  ;  there  is,  however,  some  cartilage  near  the 
horizontal  canal  (fig.  1,  h.s.c .) ;  this  is  the  small  epihyal  ( e.hy .)  in  front  of  the 
foramen  stylo-mastoideum  (VII.).  The  cochlea  (fig.  1,  chi.)  is  well  formed,  and  the 
fenestras  ( fs.o.,fr .)  are  seen  outside  and  behind  it,  also  the  chink  and  channel  for  the 
facial  nerve  (VII.)  emerging  from  the  cranial  cavity.  The  horizontal  and  posterior 
canals  (h.s.c.,  p.s.c.)  are  seen  on  the  outside,  showing  through  their  thin  bony  walls. 
Behind  the  posterior  canal  there  is  a  bony  ridge,  and  then  a  suture  between  that  ridge 
and  the  short  paroccipital  process  ( p.oc .).  The  basi-  and  exoccipitals  (fig.  1,  h.o.,  s.o.) 
are  confluent ;  the  supraoccipital  (figs.  1, 4,  s.o.)  is  a  very  large  distinct  shield  of  bone, 
cut  away  in  a  semicircle,  over  the  huge  foramen  magnum  ;  the  condyles  ( oc.c .)  are 
large,  pyriform,  and  wide  apart. 

The  “ossicula,”  separately  figured  on  a  large  scale  and  seen  from  within  (fig.  9), 
attached  to  the  thick-rimmed  middle-sized  annulus  (a.ty.),  are  worthy  of  note. 

The  cartilage  is  gone  in  front  and  has  left  a  large  tongue-shaped  processus  gracilis 
(p-gr.),  twice  as  large  as  the  manubrium  (mb.),  and  parallel  with  it.  The  body  of  the 
malleus  is  at  a  right  angle  with  these  handles,  and  is  of  great  extent.  Over  and  in 
front  of  its  condyloid  facet  there  is  a  large  solid  helmet  of  bone  ;  behind  that  facet  the 
hind  margin  projects  backwards  as  a  rounded  elbow  ;  and  below  the  root  of  the 
manubrium  there  is  a  subglob ular  “posterior  angular  process”  (ag.p>.) — a  familiar 
Sauropsidian  remnant. 

The  incus  (i.)  and  the  stapes  (st.)  are  large,  well-formed,  and  quite  typical. 

A  small  hypohyal  (fig.  6,  h.hy.),  equal  to  the  epihyal  (fig.  1,  e.hy.)  above,  is  attached 
to  a  transverse  basal  bar  ( b.li.br .),  and  from  this  proceed  the  two  short  diverging  thyro- 
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hyals  ( t.hy .,  cornua  majora — 1st  h ypobranchials),  separated  from  the  base  by  cartilage, 
but  not  segmented  off. 

Shull  of  adult  Ericulus  nigrescens.  {Male.) 

The  hinder  half  of  the  palatal  view  of  the  skull  of  this  type  has  been  figured 
(Plate  35,  fig.  11);  this  is  a  very  instructive  skull,  and  typical  of  the  Mascarene 
modification  of  the  Insectivorous  type ;  nearly  typical,  as  respects  the  Order  itself,  in 
its  modern  development/'' 

The  palatines  (fig.  11,  pa.)  end  in  a  straight  line  at  the  end  of  the  hard  palate  ; 
they  are  behind  the  maxillaries,  and  have  the  well-formed  pterygoids  ( pg. )  attached, 
subvertically,  to  them. 

In  the  roof,  the  vomer  (v.)  is  seen  sheathing  the  perpendicular  ethmoid,  and  the 
forepart  of  the  presphenoid  ( p.s .) ;  the  orbitosphenoids  {o.s.)  are  not  seen  in  this 
view,  except  a  little  in  front  of  the  great  fissure  (V1,  3.).  Like  the  presphenoid,  the 
forepart  of  the  huge  basisphenoid  ( b.s .)  is  of  moderate  width,  and  flat;  it  is  rendered 
somewhat  concave  by  its  union  with  the  pterygoids. 

The  su b -pituitary  hollow  is  perforated,  above,  as  in  Centetes ;  behind  it  the  basi¬ 
sphenoid  broadens  out,  and  behind,  both  it  and  the  basioccipital  {b.o.)  for  some 
distance  are  subcarinate  ;  this  ridge  is  due  to  the  bulging  of  the  earliest  bone  deposited 
round  the  notochord.  The  tympanic  wings  ( t.b.s .)  are  not  symmetrical,  that  on  the 
left  side  being  much  the  larger  of  the  two  ;  a  notch  separates  these  shells  in  front, 
from  the  equal  and  well-developed  tympanic  wings  of  the  alisphenoid  ( t.al.s .).  These, 
with  a  similar  process  of  the  squamosals  {sq.),  form  the  antero-external  outline  of  the 
obliquely  oval  tympanic  spaces.  These  spaces  are  roofed,  in  front,  by  the  same  bones, 
and,  behind,  by  the  oblique,  well-formed  cochleae  (c hi.).  From  those  helices,  to  the  fore 
edge  of  the  great  sphenoidal  side  gallery,  out  of  which  the  1st  and  2nd  branches  of  the 
trigeminal  nerve  (V1, 2.)  emerge,  is  a  large  space — half  the  cranial  floor;  it  is  an 
unmistakable  Marsupial  character.  But  the  foramina  are  typical  for  an  Insectivore  ; 
this  foramen  ovale  (Vs.)  is  finished  behind  by  the  tympanic  shell  of  the  alisphenoid, 
and  for  a  distance,  in  front,  equal  to  its  own  width.  Another  oval  hole  of  the  same  size 
is  seen,  but  it  has  not  its  long  axis  outwards  and  backwards  as  in  the  foramen  ovale, 
but  inwards  and  backwards  ;  this  is  the  hinder  opening  of  the  alisphenoidal  canal 
(al.s.c.) ;  the  anterior  opening  being  made  into  the  common  sphenoidal  fissure  or  side 
passage.  The  squamosal  {sq.)  has  a  stunted  zygomatic  or  jugal  process,  and  a  large 
oblique  saddle-shaped  glenoidal  facet  {gl.c.).  Where  the  bone  widens  towards  the 
tegmen  tympani  {t.ty.),  and  bounds  the  tympanic  cavity,  there  is  a  short  postglenoid 
tract  and  a  small  post -glenoid  foramen. 

The  external  part  of  the  ossified  auditory  capsule  outside  the  tegmen  has  grown 
beyond  its  contained  horizontal  canal  (compare  with  Microgale,  figs.  1,  3,  h.s.c.)  into  an 

*  The  original  skull  from  which  this  figure  was  made  is  in  the  Biological  Laboratory,  South 
Kensington  Museum. 
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ear-shaped  mastoid  process,  not  unlike,  in  size  and  form,  the  glenoid  region  of  the 
squamosal  close  in  front  of  it.  The  openings  here  are  numerous  ;  inside  the  post¬ 
glenoid  foramen  and  outer  tympanic  wall  the  canal  for  the  facial  nerve  (VII.)  is  seen, 
and  further  backwards  and  outwards,  behind  a  stunted  and  ossified  (epihyal)  ( e.hy .), 
the  same  nerve  (VII.)  escapes  through  the  large  stylomastoid  foramen.  Nearly  oppo¬ 
site,  but  much  further  inwards  the  two  fenestrae — fenestra  ovalis  and  fenestra  rotunda 
(. fs-o.jr .)  are  seen,  and  the  large  foramen  lacerum  posterius,  or  the  common  chink 
tor  the  exit  of  the  9th  and  10th  nerves  (IX.,  X.)  in  front  of,  and  further  out  than  the 
foramen  condyloideum  for  the  12th  nerve  (XII.)  in  the  exoccipital  (e.o.). 

The  supraoccipital  ( s.o .)  can  be  just  seen  behind  the  foramen  magnum  ( fm .)  ;  the 
lateral  and  basal  tracts  (e.o.,  b.o.)  are  ankylosed.  The  condyles  (oc.c.)  are  roughly 
pyriform,  with  the  narrow  part  in  front ;  each  exoccipital  grows  out  into  a  large,  thick, 
down-turned  paroccipital  process  ( p.oc .).  This  is  unusually  large  and  well  developed 
lor  one  of  the  lower  Eutheria.  The  whole  occipital  arch  is  distinct  from  the  auditory 
capsules  in  front  of  it. 

The  skull  of  the  adult  Microgale  longicaudata. 

The  skull,  and  indeed  the  whole  skeleton  of  this  small,  very  long-tailed  Tenrec, 
resembles,  very  closely,  that  of  the  Common  Shrew  ( Sorex  vulgaris,  see  Plate  31)* 
both  in  size  and  form.  But  there  are  very  important  differences  between  the  two,  and 
on  the  whole  this  dwarf  kind  is  but  little  altered,  except  in  form,  from  the  Cen- 
tetidse  of  a  more  normal  size.  The  snout  ( al.n .)  is  somewhat  shorter  than  in  the 
Shrew  ;  it  is  similarly  deflected. 

Investing  bones  of  the  skull  of  Microgale  longicaudata. 

In  the  upper  view  (Plate  35,  fig.  2)  the  sutures  are  largely  filled  up,  yet  their  place 
is  seen  in  various  markings.  There  is,  however,  one  long,  almost  perfect,  median  suture 
from  the  snout  to  the  lambdoidal  suture,  and  the  coronal  is  only  filled  in  below. 
The  premaxillaries  ( px .)  are  of  considerable  length,  and  are  well  wedged  in  between 
the  nasals  (n.)  and  maxillaries  (mx.)  above.  The  upper  tract  of  the  maxillaries  is 
about  equal  to  the  nasal  with  which  it  is  fused ;  they  project  over  the  lachrymal 
(fig.  3,1.)  ;  the  alveolar  part  of  the  maxillary  is  seen  in  the  distance.  The  boundaries  of 
the  frontals  (f.)  can  be  seen  above,  wedging  in  between  the  nasals  and  maxillaries  in 
front,  and  between  the  two  parietals  behind  ;  through  their  thin  walls  the  ethmoid 
and  its  turbinal  folds  can  be  seen  in  the  front  half ;  the  hinder  half,  apiculate  before 
and  behind,  is  smooth  and  gently  convex.  Swelling  to  a  wddth  one  third  greater  than 
that  of  the  frontals,  the  parietals  (p.)  nearly  hide  the  lateral  parts  (sq.,  ep.).  Each 
forms  its  own  round  convexity  (see  also  fig.  5,  p.),  the  sagittal  suture  lying  in  a 
furrow.  The  bracket-shaped  lambdoidal  sutural  line  has  a  remarkable  setting  of 

*  See  also  Dobson,  op.  cit.,  Part  ii.,  Plate  8,  figs.  3-3/. 
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bones  in  a  half-ring ;  these  are  undoubtedly  the  progeny  of  two  primary  interparietal 
scales  that  united  at  the  middle  and  then  broke  up  again  in  fresh  places.  There  are 
three  main  pieces,  subcrescentic  in  form ;  the  convexity  of  the  middle  piece  being  in 
front,  and  of  the  other  two  behind  ;  these  are  embedded  along  this  wavy  line  of  suture, 
besides  several  small  pieces,  like  the  fragments  of  the  larger  tracts.  This  curious  breccia 
is  very  instructive;  the  median  piece  is  the  proper  interparietal  ( i.p .),  and  the  main 
lateral  pieces  (s.t.)  are  the  counterparts  of  the  familiar  supernumerary  temporal  bones, 
or  “supratemporals”  of  the  Lacertilia.  Bones  so  situated  and  so. related  are  common 
enough  in  the  Gcinoicl  Fishes,  and  in  those  Teleosteans  (Siluroids)  that  come  nearest 
to  them  in  their  cranial  scutes. 

The  side  view  of  this  skull  is  curiously  mimetic  of  that  of  the  Shrew  (Plate  31),  but 
the  teeth  are  sharply  diagnostic.  Almost  everything  is  revealed  through  the  thin  horn¬ 
like  bony  walls  in  this  most  exquisite  little  skull  ;  the  roots  of  the  sharp  teeth  show 
through  the  outer  alveolar  wall  ;  there  is  no  special  jugal  process  beyond  the  last  of 
the  series.  The  maxillary  overlaps  the  frontal  above,  and  then  has  a  round  notch 
in  which  the  lachrymal  and  its  canal  (l.,  l.c.)  can  be  seen,  although  this  fine  film  of 
bone  has  lost  its  sutural  enclosures.  Then  there  is  a  sharp  spur,  under  and  inside 
which  the  bone  is  hollowed  out,  and  becomes  a  canal  for  some  distance,  opening  in 
front  on  a  very  large  infraorbital  foramen  (V3.).  Above  the  sloping  postero-superior 
edge  of  the  maxillary,  which  is  parallel  with  that  of  the  ethmoidal  region,  a  large 
tract  of  the  badly-defined  orbit,  half  its  upper,  and  most  of  its  lower  inner  face,  is 
marked  by  the  rich  turbinal  folds — middle  and  upper — of  the  lateral  ethmoids.  In 
the  middle  of  their  hinder  boundary,  sloping  downwards  and  backwards,  there  is  a 
large  vascular  foramen  ;  and  the  curled  lower  edge  of  the  orbital  plate  of  the  frontal 
is  notched  in  the  middle,  below  and  in  front  of  the  larger  notch,  for  the  ophthalmic 
nerve  (V1.).  Here,  at  the  postero-interior  part  of  the  open  orbit,  a  lobular  tract  is  seen, 
at  the  bottom  of  which  the  orbitosphenoid,  pierced  by  the  optic  nerve  ( o.s .,  II.),  can 
be  seen  imperfectly. 

Behind  that  oblique  bony  edge,  which  runs  backwards  and  downwards,  and  is  formed 
by  the  frontal,  in  front,  the  parietal  above,  and  the  squamosal  behind,  the  lateral  sinus 
( s.c .),  throws  its  exquisite  arch,  clearly  shining  through  the  diaphanous  walls  of  the 
parietal  in  its  temporal  region.  Half-way  between  the  end  of  the  arch  and  the  supra- 
temporal  bone  there  is  a  rough  vascular  foramen,  close  to  the  ragged  hind  edge  of  the 
parietal. 

The  squamosal  ( sq .)  is  about  equal  to  that  of  the  Shrew,  but  its  temporal  squama  is 
higher,  and  is  lobulate ;  it  is  confluent  with  the  parietal  in  front. 

The  thick  outer  edge  forks  in  front;  and  in  the  fork  the  glenoid  facet  (yl.c.)  lies  ; 
the  upper  fork  does  not  grow  forwards  as  a  definite  zygomatic  process. 

The  ribbed  outer  edge  then  goes  backwards  and  a  little  upwards,  and  then  spreads 
into  an  oblique  four-sided  enlargement,  before  it  ends,  as  a  sharp  spike  below  the 
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hinder  crus  of  the  sinus  canal  ( s.c .) :  the  rest  of  the  squamosal  will  be  seen  from  below 
(fig-  !)• 

Here  there  is  a  real  additional  temporal  scale-bone,  or  supratemporal  ( s.t .),  but  in 
those  other  dwarfed  types — the  Mole  and  the  Shrew — the  apparent  second  temporal 
bone  was  shown  to  be  only  a  peculiar  rambling  of  the  prootic  bone  into  the  pt erotic 
region — a  part,  in  fact,  of  the  chondrocranium,  ossified  by  a  periotic  bony  centre. 

Here,  the  likeness  of  this,  the  smallest  of  the  Tenrecs  to  the  dwarfed  Shrew,  is 
seen  to  be  largely  superficial ;  they  are  very  wide  apart,  zoologically.* 

The  slender  hamular  process  of  the  pterygoid  (pg.)  can  be  seen  passing  backwards 
from  the  thick  palatine  wall,  and  the  annulus  ( ci.ty .)  also  comes  imperfectly  into  view 
in  this  aspect.  The  mandible  (cl.)  is  long,  gently  arched  downwards,  sinuous  above, 
through  the  swelling  caused  by  the  teeth  roots,  and  gently  convex  below.  The 
coronoid  process  (c p.)  is  a  blunt,  high  triangle  ;  the  condyloid  (cd.p.)  is  neat  and 
rounded  ;  the  angular  process  (figs.  3,  4,  ag.p.)  is  slender  (almost  Soricine)  and 
somewhat  incurved,  below. 

The  lower  view  (Plate  35,  fig.  1)  shows  a  well-formed  hard  palate  ;  the  maxillary 
(mx.)  fits  by  a  sharply-pointed  end  against  the  premaxillary  ( px .),  and  the  palatines 
against  the  maxillaries  by  a  transverse,  deeply  toothed  suture,  in  front  of  which  each 
maxillary  has  a  small  fenestra.  In  front  of  that  suture  there  are  two,  and  behind  it 
one,  strong  subtransverse  ridge.  The  maxillaries  bind  against  the  open  part  of  the 
palatines  by  a  vertical  plate,  and  the  latter,  after  forming  a  strongly  ribbed  end  to  the 
hard  palate,  finish  as  a  thick  spongy  wall  to  the  nasopalatine  passage;  this  is  enlarged 
behind,  as  it  narrows  in,  by  the  pterygoids  with  their  delicate  hooks ;  all  the  parts,  here, 
are  ankylosed  together,  so  that  the  upper  flange  of  the  pterygoids  is  not  distinguish¬ 
able  from  the  sphenoid  bones,  or  the  palatines  from  the  pterygoids.  The  hinder  part 
of  the  main  (upper)  vomer  (v.)  is  seen  in  the  roof  of  the  nasopalatine  passage ;  the 
other  vomers  could  not  be  exposed  either  in  this  skull  or  that  of  Ericulus  (fig.  11) 
without  injury  to  the  preparation.  I  take  it  for  granted  that  in  these  parts  these 
two  kinds  agree  with  Centetes  and  Hemicentetes.  The  squamosal  (sq.),  like  the 
alisphenoid  ( ol.s .),  is  dominated  by  the  middle  part  of  the  organ  of  hearing.  The 
outer  part  of  the  roof  of  the  drum-cavity  is  formed  by  a  shell-like  ingrowth  of  the 
squamosal,  behind  and  within  the  reniform  glenoid  facet  (gl.c.). 

The  annulus  (figs.  1  and  7,  a.ty.)  is  strong,  and  well  made  for  so  small  a  beast,  and 
has  a  considerable  external  convexity.  Its  rim  is  well-finished,  its  anterior  crus  binds 
upon  and  holds  the  processus  gracilis  ( p.gr .),  and  its  posterior  crus  is  thickened  where 
it  is  tied  to  the  posterior  angular  process  ( ag.p.)  of  the  transformed  articulare. 

The  end  view  gives  the  relations  of  the  parietal  to  the  interparietal  and  super- 

*  There  is  no  Soricine  type  as  large  as  the  Great  Tenrec  ( Centetes  ecaudatus ),  with  which  that  large 
Insectivozv  might  be  compared ;  but  the  largest  that  can  be  found  must  be  worked  out,  and  the  two 
compared  together,  if  we  would  know  how  much  in  our  little  Shrew,  and  in  this  little  Microgale,  is  dne 
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temporals  (p.,  i.p.,  s.t.),  but  it  scarcely  shows  the  squamosal  (sq.) ;  the  form  of  the  skull 
thus  seen  is  reniform,  with  the  hilus  below,  and  is  gently  convex,  with  many 
sinuosities. 

Endocranium  of  Microgale  longicaudata. 

I  have  no  inner  views  of  this  skull,  but  through  the  huge  foramen  magnum 
(fig.  5,  fan.)  the  large  cribriform  plate  is  seen  to  have  two  deep  antero-superior 
recesses ;  and  the  orbitosphenoids  to  be  pierced  by  the  optic  nerves  in  the  middle  of 
their  basal  regions  ;  the  shallow  sella  turcica,  and  the  deep  recessus  jlocculi,  in  the 
auditory  capsule,  can  also  be  seen  thus,  without  injury  to  the  prepared  skull. 

At  this  point  and  that  the  endocranium  can  be  seen  from  without  (Plate  35, 
figs.  1-5).  The  nonsegmented  deflected  snout,  with  its  sublateral  nostrils  ( al.n .,  e.n.), 
is  exposed  ;  but  the  form  of  the  true  olfactory  region  can  be  traced  and  seen  through 
the  semitransparent  frontals.  The  orbitosphenoid  (figs.  1,  3,  o.s .)  is  seen  but  little  in 
any  of  these  figures  ;  the  optic  nerve  (fig.  3,  II.)  is  shown  as  emerging  in  front  of  the 
great  sphenoidal  side-passage,  out  of  which  escape  the  3rd  and  4th,  the  1st  and  2nd 
branches  of  the  5th,  and  the  6th,  nerves.  The  alisphenoidal  canal  ( al.s.c .)  is  short  and 
its  anterior  opening,  although  less  perfect  than  in  the  Dog,  is  plainly  shown  by  a 
deep  notch  in  the  front  of  the  alisphenoidal  wall  ( al.s .)  ;  the  foramen  ovale  (V3.)  is 
well  seen  both  in  figs.  1  and  3,  laterally  ;  the  suture  between  the  alisphenoid  and 
squamosal  above  (fig.  3,  al.s.,  sq.)  is  indistinct.  In  the  basal  view  (fig.  1)  the  whole 
posterior  sphenoid  is  displayed,  a  structure  equally  elegant  and  instructive.  The  sub- 
pituitary  hollow  is  obsolete,  the  basisphenoid  running  backwards  as  a  rounded  balk 
from  the  presphenoidal,  up  to  the  basioccipital,  region  (fig.  1 ,  p.s.,  b.s.,  b.o.). 

Behind,  in  the  latter  region,  the  exposed  part  of  the  bone  is  a  mere  chink,  owing  to 
the  proximity  of  the  tympanic  wings  of  the  basisphenoid,  which  almost  touch,  back  to 
back,  like  the  aliseptal  cartilages  of  the  nasal  labyrinth.  These  shell-like  periosteal 
outgrowths  (exogenous  “ossa  bullae  ”)  are  broad,  notched,  and  out-turned  in  front; 
behind,  they  are  pointed,  and  the  last  third  of  the  strong  aponeurosis  is  not  ossified  ; 
so  that  these  wings  (or  shells)  do  not  finish  the  floor  of  the  large  tympanic  cavity,  but 
a  large  membranous  space  is  left,  bounded  by  the  annulus  in  front,  the  bony  ala  inside 
the  occipital  arch,  behind,  and  the  mastoid  process  (op.)  externally.  On  the  other 
side,  where  the  annulus  has  been  removed,  and  the  cochlea  (chi.)  exposed,  the  imper¬ 
fection  of  the  bony  floor  of  the  skull  is  seen.  In  front  of  the  large  auditory  region 
the  skull  has  a  very  fenestrate  appearance,  the  two  openings  of  the  alisphenoidal 
canal  (al.s.c.)  and  the  large  foramen  ovale  (V3.)  cause  this.  The  alisphenoids  do  not 
end  after  letting  out  the  3rd  branch  of  the  trigeminal  nerve  ;  a  thick  bar  of  bone  runs 
across  behind  the  foramen  ovale,  this  is  continuous,  now,  with  the  basisphenoid  within, 
and  supplemented,  externally,  by  a  similar  wing  or  bar  of  the  squamosal  (sq.).  This 
bony  boundary  of  the  drum-cavity  is  contumed  backwards  by  the  outer  (tegminal)  edge 
of  the  squamosal,  so  as  to  form,  roughly,  a.  quadrant,  which  ends  close  in  front  of  the 


240 


MR,  W.  K.  PARKER  ON  THE  STRUT  CURE  AND 


stylo-mastoid  foramen  (TIT.).  That  tegminal  edge  of  the  squamosal  runs  inwards  as 
a  vaulted  roof  to  the  cavum  tympani,  nearly  half-wray  across.  Inside,  the  cochlea  fills 
up  the  space  behind,  but,  in  front,  the  retral  growth  of  the  alisphenoid  ( al.s .)  fills  in 
three-fifths  of  the  remaining  space  and  sends  backwards  a  spur  to  the  cochlea,  which 
divides  the  rest  into  a  large  outer,  and  a  small  inner,  fenestra,  covered  only  by  the 
dura  mater.  This  structure  is  Soricine,  but  it  is  also  Marsupial;  it  is  much  more 
Marsupial  in  character  than  that  which  is  seen  in  the  Shrew. 

The  suture  between  the  squamosal  and  alisphenoid  is  nearly  lost,  but  the  former 
sends  downwards  a  thin  lamina  of  bone  which  shows  where  they  have  joined  ;  close 
inside  the  glenoid  cartilage  the  squamosal  is  bent  inwards,  and  appears  as  a  convexity 
in  the  fore  part  of  the  tegmen.  The  (Marsupial)  alisphenoidal  wing(a/.s.)  is  extremely 
thin,  and  coils  over  backwards  as  a  sharp  selvedge.  The  basi sphenoidal  wings  ( t.h.s .) 
are  much  deeper  and  more  hollow  than  they  appear  at  first  sight,  in  the  basal  view 

(fig.  1). 

Behind  (fig.  l),  the  relatively  spacious  tympanic  chamber  is  partly  closed  in,  and 
filled  up,  by  the  remarkable  auditory  capsule,  which  is  thoroughly  ossified,  and  retains 
its  distinctness  all  round  its  border  ;  it  is,  however,  not  so  loosely  set  in  the  skull  as 
in  the  native  Shrew,  or  as  in  our  native  Bat  ( Pipistrelle ). 

The  tilting  of  the  auditory  capsules  is  shown  in  the  side  view  (fig.  3),  and  the 
horizontal  and  posterior  canals  ( h.s.c .,  p.s.c.),  are  seen  in  that  and  also  in  the  posterior 
view  (fig.  5),  and  in  the  lower  view  (fig.  1).  There  is  no  prootic  wall-plate  in  front 
of  the  smoothly  convex  part,  through  the  walls  of  which  these  canals  are  seen. 

The  facial  nerve  (VII.)  is  seen  emerging  close  behind  a  small,  separate  epihyal  bone 
( e.hy .) ;  inside  these  parts  the  fenestree  of  the  capsule  lie  out  of  sight.  Inside  and  in 
front  of  the  posterior  canal,  and  of  that  part  of  the  labyrinth  into  which  it  opens, 
there  is  a  convex  oval  enlargement  of  the  postero-inferior  face  of  the  cochlea  (chi.), 
hiding  its  fenestra,  which  opens  in  front  of,  and  above,  the  oval  swelling,  and  exter¬ 
nally  forms  the  front  margin  of  the  foramen  lacerum  posterius  (IX.,  X.).  The  basal 
and  lateral  upper  elements  of  the  occipital  arch  (b.o.,  e.o .)  are  fused  together;  the  basi- 
occipital  is  short  axially,  and  the  lateral  parts  each  form  a  small  paroccipital  process 
( p.oc .)  close  outside  the  large  pyriform  condyles  (oc.c.).  The  supraoccipital  ( s.o .)  is  a 
large  shield  of  bone,  well  in  the  back  of  the  skull,  and  not  lying  over,  as  a  hind 
tegmen,  as  in  the  Mole  and  Shrew.  It  is  quite  distinct  from  the  auditory  capsules, 
and  is  fused  with  the  lateral  elements  of  the  arch  (e.o.)  ;  lying  over  a  very  large 
foramen  magnum,  round,  but  with  a  recess  in  front,  it  is  a  relatively  great  shield  of 
bone,  with  a  large  circular  convexity  in  the  middle,  separated  by  two  oblique  fossae 
from  a  subcrescentic  convexity,  right  and  left. 

The  supratemporal  pieces  ( s.t .)  impinge  upon  the  bone  over  each  fossa;  it  arches 
very  accurately  over  each  auditory  capsule  above  and  outside,  where  it  has  ankylosed 
with  the  exoccipitals  (e.o.).  The  whole  of  the  upper  margin  of  the  supraoccipital  is 
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somewhat  everted  (fig.  2)  ;  the  exoccipitals  are  pierced  by  the  hypoglossal  nerve 
(%•  1,  XII.)  ;  as  usual,  these  foramina  are  very  wide  apart. 

The  ossiculci  auditus, — hyoid  arch,  and  meatus-cartilage  of  Microgale  longicaudata. 

The  malleus  (fig.  7,  ml.)  is  remarkable  in  this,  and  in  other  small  Insectivora;  here 
the  transverse  extension  of  its  main  part  is  carried  to  the  extreme,  and  here  also  the 
posterior  angular  process  ( ag.p. )  is  wrought  into  a  very  ornamental  form,  like  a  carved 
fruit- ornament ;  it  is,  as  it  were,  suspended  from  the  part  which  gives  off  the  strong 
manubrium  (mb.).  The  processes  gracilis  (jp.gr.)  is  about  equal  to  the  manubrium  ; 
they  are  very  far  apart,  and  diverge,  evidently ;  each  is  a  twfisted  and  thick-edged 
blade  of  bone,  the  bach  of  which  is  in  the  inner  side.  The  head  is  less  definitely 
hooded  than  in  the  larger  Centetidse,  but  the  large  posterior  margin  is  more  elbowed ; 
the  condyloid  face  is  deep  and  oblique,  but  not  large.  The  incus  and  stapes  (figs.  8,  9, 
i,  st.)  are  quite  typical,  relatively  large,  and  very  elegant  in  form ;  the  short  crus  of 
the  incus  ( s.c.i .)  is  larger  than  in  the  Shrew;  the  stapes,  most  neatly  finished,  shows 
no  interhyal  on  its  neck. 

The  hyoid  arch  has  a  separate  epihyal  above  (figs.  1,  3,  e.hy.),  and  has  also  an  upper 
and  lower  ceratohyal  (fig.  6,  c.hy .,  c.hy'.),  the  former  is  attached  by  ligament  to  the 
epihyal,  above.  The  short  hypohyals  ( h.hy .)  are  articulated  to  a  process  of  the  basal 
bar  (b.li.  br.),  whose  thyrohyals  (t.hy.)  are  not  distinct,  but  short,  and  diverge  greatly. 

Thus  this  small  kind  approaches  our  native  Insectivora  in  the  structure  of  its  hyoid 
arch,  which  is  much  more  perfect  than  in  the  kinds  just  described. 

When  the  meatus  externus  is  dissected,  and  the  lining  cartilage  opened  out  (fig.  10), 
it  is  seen  that  there  are  three  imperfect  annuli,  separated  by  deep  notches,  inside  the 
continuous  concha,  the  proximal  edge  of  which  has  also  two  round  notches. 

The  skull  of  the  embryo  of  Ivhynchocyon  cernei ;  4  inches  long  from  snout 

to  root  of  tail. 

This  is  the  largest  of  the  Elejfhant  Shrews  of  the  African  mainland,  and  is  from  the 
eastern  part,  near  Zanzibar. 

The  Macroscelidte,  of  which  this  is  an  outlying  member  and  the  largest  of  the 
family,  are  extremely  unlike  the  insular  forms  from  Madagascar,  just  described  ;  this 
particular  kind  is  the  more  interesting  as  being  a  native  of  that  part  of  the  African 
continent  which  lies  nearest  to  that  large  and  most  remarkable  island,  which  is  not 
African.  The  Macroscelidae,  however,  have  a  wide  African  distribution,  continental 
and  insular,  and  this  large  kind — Rhyncliocyon — is  somewhat  aberrant. 

So  much  does  this  type  differ  from  the  forms  already  described,  namely,  our  native 
types  and  those  from  Madagascar,  and  also  from  those  yet  to  be  noticed,  that,  con¬ 
sidered  from  the  standpoint  of  their  cranial  morphology,  I  am  surprised  at  the  colloca- 
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tion  of  such  diverse  forms  into  a  single  Order  of  the  Eutheria.  But  in  this,  as  in  many 
other  types  of  Vertebrata,  the  highly  compound  cranial  region  retains  a  large  number 
of  archaic  characters  that  are  suppressed  or  lost  in  the  body,  and  especially  in  the  soft 
organs.'" 

The  investing  bones  of  the  skull  of  the  embryo  of  Bhynchocyon. 

In  this  apparently  nearly  ripe  embryo  the  bones  as  seen  from  above  (Plate  36, 
fig.  1)  form  a  nearly  perfect  roof  to  the  rather  long  cranium.  Of  these  the  fore¬ 
most,  or  nasals  (n.),  are  only  moderately  long  and  broad  ;  they  are  two-thirds  the  length 
of  the  frontals  if),  and  of  the  same  length  as  the  sagittal  suture.  Bounded  in  front,  they 
widen  up  to  the  triradiate  suture,  where  they,  the  premaxi llaries,  and  maxillaries 
{px.,  mx. ),  meet;  they  are  then  somewhat  pinched,  and  widen  a  little,  once  more,  to 
unite  with  the  frontals. 

In  strong  contrast  with  what  we  see  in  the  Mole  and  the  Shrew,  the  frontals  (f) 
are  nearly  as  wide  as,  and  nearly  one-fourth  longer  than,  the  parietals  ( p. ),  and 
although,  together,  they  have  a  well-formed  mid-orbital  waist,  they  are  very  wide  even 
there.  Towards  the  still  open,  four-cornered  fontanelle  (fo.)}  the  main  upper  part  of 
these  bones  is  gently  convex  ;  this  convexity  narrows,  forwards,  and  there  is  a  definite 
fossa  marking  it  off  from  the  supraorbital  margin,  which  is  very  neat  and  finished,  and 
quite  unlike  what  we  have  just  seen  in  the  more  typical  Insectivora.  Slightly  over¬ 
lapping  the  frontals,  and  wedging  into  their  lower  and  hinder  edge,  the  parietals  ( p.) 
give  a  great  breadth  to  the  intertemporal  region ;  their  convexity,  above,  is  greater, 
altogether,  than  that  of  the  frontals.  The  conspicuous  temporal  fossa  runs  round 
them,  on  the  side  and  behind,  up  to  the  large  triangular  wedge  of  bone  that  shortens 
the  sagittal  suture  and  separates  the  two  bones  from  the  supraoccipital ;  this  triangle 
of  bone  is  the  interparietal  (i.p.). 

Laterally,  the  premaxillaries,  maxillaries,  lachrymals,  jugals,  and  squamosals  ( px., 
mx.,  l.,j.,  sq.)  can  be  seen  flanking  the  great,  gently  convex,  pyriform  roof;  all  these 
are  better  seen,  however,  in  the  side  view  (fig.  3). 

Here  we  find  that  the  premaxillary  ( px. )  is  one-fourth  the  length,  and  one-half  the 
greatest  height,  of  the  maxillary  {mx. ) ;  its  facial  plate,  thus  seen,  is  notched  in  front, 
where  it  embraces  the  snout,  and  behind,  when  it  is  dinted  by  the  maxillary  ;  above, 
instead  of  wedging  in  between  the  nasal  and  maxillary,  it  is  actually  rounded  off. 
The  maxillary  is  swollen  in  front  where  it  runs  against  the  premaxillary ;  above, 
where  it  runs  up  to  the  frontal,  still  more ;  and  below,  under  the  lachrymal  and 
jugal  bones  {L,  j.).  That  last  swelling  is  the  outer  alveolar  wall  of  the  last  tooth, 
and  above  it  there  is  a  large  and  deep  fossa  for  the  maxillary  nerve  (V2.),  but  this 

*  Whilst  very  grateful  for  what  the  Zoologists  send  me,  I  feel  no  ways  hound  to  them  groupings  of 
the  types.  Their  zeal  for  Taxonomy  is  not  always  according  to  knowledge,  and  by  their  hard  and  fast 
lines  they  often  put  asunder  what  Nature  has  joined,  and  leave  together  types  that  are  not  closely 
related,  but  merely  mimetic,  or  isomorphic. 
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nerve  has  no  maxillary  bridge  over  it  at  present.  The  lachrymal  (/.)  has  a  large, 
pentagonal  facial  plate ;  its  thick  orbital  margin  is  somewhat  notched,  and  inside  that 
notch  is  the  canal ;  the  thickness  of  the  orbital  margin,  which  helps  the  frontal 
and  jugal  to  give  finish  to  the  orbital  ring  for  nearly  three -fourths  of  a  circle,  is  so 
large  as  to  hide  the  interorbital  plate  of  the  bone  and  its  canal. 

Lying  between  the  aberrant  Tupaia  and  the  typical  Erinaceus,  this  type  tends  to 
finish  its  orbital  ring,  especially  in  the  perfection  of  the  supraorbital  rim  of  the 
frontal ;  there  is,  however,  no  free  postorbital  process,  the  ribbed  edge  merely  runs 
back  and  binds  upon  the  parietal.  The  frontal  is  perfect  in  the  upper  half  of  the  huge 
orbital  cup,  but  unfinished,  behind ;  yet  giving  promise  of  the  Lemurine  orbit — a 
promise  fulfilled  in  Tupaia,  soon  to  be  described. 

Behind  that  very  extensive  hollow,  thin  orbital  plate,  the  parietal  ( p .)  just  comes  in 
and  divides  it  from  the  squamosal ;  the  rest  of  the  parietal  is  seen  to  be  convex  above, 
and  gently  pressed  inwards  over  its  lower  edge,  which  has  two  large  shallow  emargi- 
nations ;  the  one,  in  front,  over  the  squamosal,  and  the  other,  behind,  over  the  huge 
auditory  capsule.  The  triangular  interparietal  (i.p.)  is  sinuously  united  to  the  parietal 
above,  and  hooks  round  its  rounded  hinder  margin,  lower  down.  From  the  middle  of 
the  lower  edge  of  the  parietal  to  the  lachrymal  the  outworks  of  the  skull  are  completed 
by  two  bones,  the  squamosal  ( sq .)  and  the  jugal.  The  latter  bone  (j.)  is  strong  for  an 
Insectivore ;  it  protects  the  maxillary  nerve  (V3.),  wedges  into  the  lachrymal  and 
maxillary,  is  grooved  and  broad  in  front,  outside,  and  ends  as  a  blunt  style  below  the 
jugal  process  of  the  squamosal,  some  distance  in  front  of  the  glenoid  facet  ( gl.c .).  The 
squamosal  (sq. )  just  rests  its  spike  upon  the  jugal,  and  then  broadens  out  into  the 
glenoid  tract,  which  is  covered  with  a  subconvex  oval  cartilage  looking  inwards  and 
somewhat  forwards  (see  fig.  2,  gl.c.),  and  into  the  oval,  hollowed,  temporal  plate, 
which  overlaps  more  than  half  of  the  lower  edge  of  the  parietal.  The  jugal  spike 
runs  into  the  thick  outer  part,  whose  upper  edge  is  sharp  and  sinuous,  first  convex 
and  then  concave,  where  it  runs  up  and  meets  the  squamous  or  temporal  edge.  The 
lower  margin  has  two  concavities,  the  glenoid,  and  tympanic,  and  two  processes,  the 
post-glenoid  and  the  post-temporal,  the  latter  is  the  larger  of  the  two ;  under  these 
we  just  see  the  tympanic  annulus  ( a.ty .). 

The  mandible  (d. )  is  scarcely  developed  into  distinct  processes,  behind  ;  the  coronoicl 
(c.p.)  being  very  low;  the  rounded  condyloid  process  ( cd.p .)  is  separated  by  a 
rounded  notch  from  the  small,  sharp,  angular  process  ( ag.p .) ;  the  ramus,  with  its 
swollen  alveolar  space,  and  teeth  just  cutting  the  gums,  is  gently  convex,  below,  and 
with  a  slightly  arcuate  outline  runs  forwards  to  its  narrow,  pointed  fore  end. 

In  the  palatal  view  (fig.  2)  there  seems  nothing,  at  first,  to  remind  one  of  the  Mar¬ 
supial  ;  in  this,  Rliynchocyon  agrees  with  the  two  types  next  to  be  described,  namely, 
Galeopitliecus  and  Tupaia.  The  general  form  of  the  palate  is  roughly  oval,  but  emar- 
ginate  at  its  narrow,  fore  end,  and  having  a  broken  or  dentate  hind  margin.  The 
premaxillaries  (px.)  are  of  short  extent,  being  largely  overlapped  by  the  maxillaries 
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(■ nix, .).  The  alveolar  walls  of  the  only  upper  incisor  tooth  are  imperfect  behind  ;  this 
tooth  is  often  wanting  in  the  adult,  The  openings  for  Jacobson’s  organs  ( j. o. )  are  far 
forwards,  and  the  palatine  processes  of  the  premaxillaries  are  largely  hidden  by  those 
of  the  maxillaries.'" 

The  maxillaries  (mx.)  show  three  parallel  regions  in  this  view  :  the  alveolar,  with 
the  large  tooth-sockets  and  teeth  just  appearing  ;  the  submarginal,  with  oblique 
ribbings  and  hollows ;  and  the  sub-mesial,  separated  from  the  ribbed  part  by  a  crack, 
or  sharp,  roughish  fissure,  which  looks  very  much  like  a  suture.  The  outer  part  binds 
on  the  premaxillary,  and  the  inner  tract  on  its  palatine  process,  hiding  most  of  it. 
The  submesial  tract  rises  somewhat  where  it  meets  its  fellow,  so  as  to  form  a  definite 
fossa ;  these  two  tracts  fail  behind,  being  aborted  by  the  counterpart  tracts  of  the 
palatines. 

These  bones  (pci.)  form  a  very  elegant  winged  part  of  the  hard  palate,  for  the 
posterior  palatine  foramina  notch  them,  close  behind  the  fissure,  in  the  maxillary  plate, 
and  inside  the  foramen  they  each  have  a  round  lobe  running  forwards,  and  outside 
it  another,  which  fits  obliquely  to,  and  extends  beyond,  the  end  of  the  maxillary. 

In  front,  these  palatine  plates  of  the  palatines  are  hollow  where  they  meet,  and  then 
this  shallow  fossa  runs  obliquely  outwards  on  each  bone,  leaving  the  middle  part 
convex.  The  hind  margin,  as  a  whole,  is  transverse,  but  it  is  deeply  crenate,  there 
being  two  notches  on  each  side  the  projecting  ends  of  the  bone  at  the  median  suture. 
The  orbital,  or  ascending,  part  of  the  palatines  is  steep,  hollow  inside,  and  gently 
convex  outside ;  the  hind  half  of  each  plate  embraces  the  side  of  the  presphenoid, 
and,  slightly  diverging,  is  joined  by  the  small  sub  vertical  pterygoid  (pg.),  which 
diverges  still  more,  and  has  a  nucleus  of  cartilage  (as  in  the  Hedgehog  and  Mole)  on 
its  hamular  process.  I  find  no  trace  of  the  mesopterygoid — a  test-bone  for  Marsupial 
relationship.  Nor  does  the  jugal  (malar — j.)  come  near  the  glenoid  facet;  here, 
again,  this  type  is  normally  Eutherian.  The  squamosal  (sq.)  has  a  short,  triangular 
jugal  process,  overlying  that  great  bone,  and  behind  it  the  concave  glenoid  cartilage 
has  a  pyriform  outline  and  an  oblique  position — inwards  and  a  little  forwards,  also. 

The  lateral  and  post-glenoid  part  of  the  squamosal  is  rather  feeble,  and  is  bound 
upon  by  the  tympanic  ( ci.ty .)  ;  its  processes  are  best  seen  in  the  side  view  (fig.  3); 
the  hollow  face  of  the  wide  orbital  roof  ( f. )  is  seen  in  this  view,  in  the  distance. 

The  annulus  (ci.ty.)  is  like  a  large  capital  Q  with  the  top  looking  backwards;  it 
gives  a  wide  space  for  the  membrana  tympani,  has  a  large  trowel  of  bone  on 
its  front  crus,  and  has  the  hind  crus  inturned  and  blunt.  The  cartilage  of  the 
Eustachian  tube  (eu.)  is  large,  as  in  Marsupials,  and  as  in  Marsupials,  behind  and 
outside  it,  but  inside  the  proper  thick  annulus,  there  is  a  thin  crescentic  “  os  bullas  ” 


#  The  abortive  development  of  the  single  npper  incisor,  and  the  perfect  condition  of  the  hard  palate, 
carry  ns  far  away — upwards — from  the  Marsupial  territory.  These  things  foreshadow  what  will  he  seen 
in  Bats,  some  Lemurs  ( Lepilemur ),  and,  ultimately,  in  the  Ruminants. 


DEVELOPMENT  OF  THE  SKULL  IN  THE  MAMMALIA. 


245 


(■ o.b .),  exactly  as  in  young  Marsupials ;  the  annulus  thickens  in  front,  just  where  it 
lies  under  the  front  crus  of  the  os  bullae. 

There  are  here  five  vomerine  bones,  as  in  the  embryo  Hedgehog,  and  Armadillo  ;  the 
main  boDe  or  vomer  proper  (fig.  5,  v.)  is  strong  and  carinate,  and  bluntly  pointed  at 
both  ends  ;  it  is  short  for  so  long  a  skull,  and  its  keel  is  very  thick.  The  two  antero¬ 
lateral  vomers  (v. )  are  the  largest  I  have  seen,  as  yet,  reminding  one  of  their  large 
cupped  counterparts  in  the  Ophidia  and  Lacertilia  ;  they  are  ovato-oblong,  and  sculp¬ 
tured  in  them  infero-external  face,  and  are  like  two  chaff  scales  of  the  Oat.  The  fore 
part  of  the  main  vomer  (r.)  is  hidden  by  these  two  bones  ;  the  recurrent  or  Jacobson’s 
cartilages  ( rc.c .)  are  seen  outside  them. 

The  narrow  hind  part  of  the  main  vomer  (v. )  is  partly  hidden  by  the  two  large 
postero-lateral  vomers  (v".)}  which,  as  far  as  I  know,  are  in  this  case  relatively  larger 
than  in  any  other  Eutherian ;  they  are  perfectly  Metatherian  in  size  and  relations, 
nearly  meeting  in  the  middle,  having  there  a  ribbed  edge,  and  sending  outwards  a 
large  rounded  lobe  from  their  middle  part ;  they  are  each  nearly  as  long  as  the 
main  vomer,  and  are  twice  as  long  as  the  antero-lateral  pair  ( v '.).  The  hind  part  of 
each  postero-lateral  vomer  (y".)  just  overlaps  the  base  of  the  orbitosphenoid  ( o.s .)  and 
reaches  the  presphenoid  (y>.s.).  The  above  are  the  whole  of  the  investing  bones  I 
have  been  able  to  find  in  this  type. 

Endocranium  of  Rhynchocyon  cernei. 

The  deep  parts  of  this  skull  are  as  remarkable  as  the  superficial  ;  the  diagnostic 
characters  of  several  Orders  meeting  in  one  endocranium.  That  tract  of  the  nasal 
labyrinth  which  is  in  front  of  the  proper  olfactory  region  is  very  long  (Plate  36, 
figs.  4-7),  and  is  segmented  in  all  but  its  foremost  and  hindmost  part;  there  are 
thirty  double  rings,  and  this  is  as  true  a  “  proboscis  ”  as  that  of  the  Elephant.  So 
long  is  this  proboscis  that  the  completely  closed  part  is  half  as  long  as  the  whole 
labyrinth,  which,  altogether,  is  twice  as  long  as  the  basis  cranii,  proper. 

The  nostrils  (e.n.)  are  nearer  the  lower  than  the  upper  face  of  the  snout,  and  are 
very  near  its  end  ;  the  valvular  coil  of  the  nostril  is  very  complete,  and  terminates  in 
a  free  outer  process.  There  the  double  tube  is  very  narrow,  but  widens  gently  to 
twice  its  first  width,  it  is  then  constricted  twice,  and  swells  again  before  the  definite 
enlargement  for  the  middle  turbinals  begin.  There  is  then  a  deep  constriction,  and 
then  the  whole  structure  swells  out  to  almost  tenfold  the  width  of  the  neck  of  the 
double  snout-tube.  Those  swollen  bags  of  cartilage  do  not  meet  each  other  below 
(fig.  5) ;  above  (fig.  4),  they  are  deeply  excavated,  behind  a  short,  perfect  roof-region 
to  form  the  two  large  circular  multiperforate  olfactory  fossse,  each  floored  by  the  cup¬ 
shaped  cribriform  plate  ( cr.p .).  Above,  the  septum  (p.e.)  terminates  in  a  bulbous, 
free  “  crista  galli  ”  ( cr.g .),  but  the  sloping  hind  margin  of  the  wall  continuous  with  the 
cribriform  plate,  and  notched  where  the  multitudinous  branches  of  the  olfactory  nerve 
pass  through  from  the  cranial  into  the  nasal  cavity  (see  fig.  7,  p.e.),  becomes  much 
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thinner  than  it  is  above.  Above  (fig.  4)  the  inflated  olfactory  chambers  turn  round 
behind,  and  clasp  the  fore  part  of  the  orbitosphenoid  (o.s.) ;  there  they  are  sharp  or 
angular,  but  below  (fig.  5),  they  end  as  rounded  pouches,  clasped  by  the  base  of  the 
orbitosphenoids,  and  separated  by  the  base  of  the  perpendicular  ethmoid  ( p.e .),  where 
it  is  floored  by  the  two  large  postero-lateral  vomers  ( v ".).  These  huge  olfactory  pouches 
reach  nearly  as  far  outwards  as  the  equally  large  auditory  capsules  (c hi.),  although  these 
latter  are  separated  by  the  mass  of  the  hind  brain.  Where  the  palatine  processes  of  the 
premaxillaries  are  given  off,  and  in  the  space  between  them  and  the  alveolar  margin  of 
those  bones  (figs.  2  and  5),  there  the  floor  of  the  snout  is  emarginate  and  soon 
ceases ;  its  hind  selvedge  being  elegantly  bracket-shaped.  In  that  emargination  lies 
the  openings  of  Jacobson’s  organs  ( j.o .),  seen  in  the  anterior  palatine  foramina.  For 
the  rest  there  is  a  large  ovato-oblong  open  space  divided  at  the  middle  by  the 
great  septum  and  its  splints.  In  front,  the  recurrent  cartilages  ( rc.c .),  are  seen  out¬ 
side  the  an tero -lateral  vomers  (y'. ) ;  for  some  distance,  then,  the  inferior  turbinals  (i.th.) 
are  also  seen ;  but  the  nasal  turbinals  are  out  of  sight,  and  the  upper  and  middle  are 
well  within  the  great  pouches.  All  these  parts  are  cartilaginous  at  present ;  their 
detailed  structure  is  quite  like  what  I  have  already  described  in  the  Hedgehog  and  the 
Mole — by  dissections  and  sections. 

But  the  axial  part  of  the  nasal  labyrinth  (Plate  24,  fig.  7)  deserves  special  notice  ; 
it  is  mainly  formed  by  the  huge  intertrabecula  ( i.tr .),  which  is  as  large  relatively  as  in 
the  embryo  Bird,  or  in  an  average  Selachian  Fish.  When  we  come  to  the  long-faced 
Cetacea  we  shall  see  this  element  playing  an  important  part — as  in  the  embryo  Bird — 
in  the  formation  of  the  face,  serving  as  a  model  on  which  the  huge  facial  splints  are  laid  ; 
in  them,  however,  the  olfactory  organs  and  their  outer  openings  are  drawn  backwards, 
and  this  bar  runs  forwards  independently  of  them ;  here,  as  is  normal  for  a  Mammal, 
the  nasal  roof  is  continued  along  its  whole  extent,  and  the  alinasal  part,  runs  round 
its  front  end. 

In  the  rounded  front  of  the  snout  the  internarial  septum  is  fenestrate  ( i.n.f, !),  a 
common  thing  in  low  Eutheria ;  and  at  that  part  the  septum  itself  is  largely  formed  of 
the  alinasal  cartilages,  that,  placed  back  to  back,  have  coalesced  with  each  other  as  well 
as  with  the  median  intertrabecular  bar.  Now,  here,  for  the  whole  length  of  the  aliseptal 
region,  this  is  the  case,  so  that  up  to  the  true  olfactory  territory  the  intertrabecula 
itself,  is  only  slightly  crested,  the  top  of  the  low  septum  is,  in  reality,  merely  the  con¬ 
fluent  alee,  or  roof  cartilages.  Hence,  in  this  low  wall,  the  first  three-fifths  is  septum 
nasi,  part  of  it  roofed  by  the  alinasal  and  part  by  the  aliseptal  tracts  ;  these  tracts  are,  of 
course,  continuous,  but  they  are  true  morphological  regions.  Of  the  hinder  two-fifths, 
the  first  half  is  twice  as  high  as  the  septum  in  front  of  it ;  it  is  now  the  perpendicular 
ethmoid  (p.e.),  then  it  lowers  again,  at  first  suddenly,  and  becomes  a  mere  rounded  bar, 
which  passes  insensibly  into  the  presphenoid  ( p.s .),  most  of  which  is  already  ossified. 
The  roof  has  several  regions,  well  marked  out ;  beginning  at  the  front  of  the  snout,  we 
see  the  alse  nasi  turned  round  and  formed  into  the  coiled  nostril-valves,  then  comes  a 
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narrow  neck ;  these  parts  are  all  in  a  continuous  tract  of  cartilage.  But  from  the 
middle  of  that  narrow  neck  up  to  the  part  under  the  triradiate  suture  formed  by  the 
nasals,  premaxillaries,  and  maxillaries  (compare  figs.  1  and  4),  each  nasal  tube  is 
segmented  into  narrow  rings,  all  of  which,  except  those  at  the  end  (fig.  5)  are 
perfect  below.  Yet  at  the  mid-line  each  ring  loses  its  distinctness,  being  confluent, 
above  and  below,  with  the  septum. 

This  is  a  true  proboscis ,  quite  like  that  of  an  Elephant,  and  like  that  of  the 
Myxinoid  Fishes,  except  that  it  is  double  instead  of  being  single,  as  in  those 
permanent  larvce,  with  their  primordial  “  cribriform  plate.”  A  little  in  front  of  the 
part  which  swells  with  the  middle  turbinals,  these  rings  cease ;  there  are  thirty  of 
them  on  each  side. 

The  ossification  of  the  proper  cranium  is  very  abruptly  marked  off  from  the 
unossified  olfactory  labyrinth.  The  anterior  sphenoid  is  but  little  less  than  the 
posterior;  it  is  in  three  “  centres,”  but  little  united  as  yet,  for  the  presphenoid  ( p.s .) 
is  here,  as  in  Sorex  and  the  Marsupials,  as  distinct  an  element  as  the  basisphenoid 
( b.s .) ;  it  is  of  the  same  length  and  not  much  narrower,  but  is  somewhat  hour-glass 
shaped.  The  orbitosphenoids  have  a  large  and  pedate  downgrowth  proximally  (fig.  5, 
o.s.),  which  fits  close  to  the  corresponding  postero-lateral  vomer  ( v ".)  by  the  fore  part 
of  its  pedate  process. 

The  orbitosphenoids  lie  well  over  the  hind  part  of  the  olfactory  fossae  and  their 
cribriform  floor  ( crp .),  and  form  a  concave  margin  to  that  part,  for  they  project  far 
beyond  their  basal  piece,  fore  and  aft ;  most  behind.  Towards  each  other,  right  and 
left  of  the  median  ethmoidal  wall-top,  they  are  rounded  and  notched,  and  behind  their 
junction  with  the  presphenoid  they  have  a  large  notch — a  quadrant.  Their  outer  margin, 
directed  backwards  outwards  and  upwards,  is  crenate,  and  the  hind  margin  is  also 
sinuous ;  its  inner  part  ending  as  a  spur  just  inside  the  foremost  angle  of  the  alisphe- 
noid  ( al.s .).  Hence  these  alee  do  not,  with  their  own  basal  piece,  finish  the  sphenoidal 
fissure ;  ”  it  is  completed  by  the  posterior  sphenoid,  base  and  wing,  with  the  help 
of  the  pre-basisphenoidal  synchondrosis.  The  widened  hind  part  of  the  presphenoid 
runs  into  the  large  oblique  sphenoidal  fissure,  making  it  reniform,  instead  of  oval. 

The  optic,  as  well  as  the  orbited,  nerves  pass  through  this  large,  dilated  fissure ; 
there  is  no  optic  foramen  ;  thus  there  are  three  Marsupial  characters  in  this  anterior 
sphenoid:  (1)  the  orbito-sphenoid  is  only  slightly  overlapped  by  the  alisphenoid — 
there  is  no  gap,  only  a  small  squamous  suture  ;  (2)  there  is  no  optic  foramen  ;  and 
(3)  the  presphenoid  is  an  autogenous  bony  element.  The  posterior  sphenoid  has  about 
the  same  extent,  axially ;  but  laterally,  it  is  one  third  larger,  or  nearly.  The  basi¬ 
sphenoid  (b.s.)  is  as  long  as  the  presphenoid  ( p.s .),  and  is  about  one-fourth  wider,  on  its 
upper  face  (fig.  4).  It  has  a  small  open  pituitary  space  (as  an  Erinaceus  and  Sorex), 
but  the  seat  of  the  sella  is  shallow  ;  there  are  no  tympanic  alas.  The  alisplienoids  (al.s.) 
are  larger  than  they  would  seem  to  be,  viewed  merely  from  the  upper  surface  (fig.  4) ; 
they  are  best  seen  from  below  (fig.  5).  The  3rd  branch  of  the  5th  nerve  (V3.)  passes 
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through  a  large  round  notch  in  the  middle  of  the  hind  edge  of  the  bone,  and  the  bone 
grows  under  the  nerve  for  some  distance  in  its  passage  to  the  lower  jaw.  The  alee  are 
set  on  to  the  base  obliquely,  and  the  suture  is  on  a  level  with  the  flatter  upper  face  of 
the  basisphenoid  (fig.  4). 

If  there  is  no  tympanic  ala  to  the  basisphenoid,  that  part  being  a  separate  “  os  bullae  ” 
(fig.  2,  o.b.),  there  is  nevertheless  a  large  tympanic  ala  ( t.cil.s .)  growing  from  the  hinder 
and  under  part  of  the  alisphenoid  ;  in  form  this  hollow  growth  is  like  an  ordinary 
tympanic  annulus,  being  crescentic,  and  having  a  wide  convex  face  and  a  ragged 
opening  looking  outwards.  All  this  is  truly  Marsupial,  and  if  these  alee  coalesce  with 
the  ossa  bulke  in  the  adult  the  conformity  is  perfect. 

The  auditory  capsules  are  extremely  large,  and  the  petrous  region  is  well  ossified  ; 
but  the  mastoid  region  is  almost  wholly  cartilaginous.  The  fore  margin  is  convex 
and  bulbous,  where  the  capsule,  by  its  cochlear  region  (chi.)  fits  into  the  large  inter¬ 
space  between  the  alisphenoid  and  exoccipital  (e.o.) ;  but  higher  up  the  fore  margin 
is  notched  and  sharp  in  front  of  the  ampulla  of  the  anterior  canal  ( ci.s.c .),  the  upper 
margin  is  free,  but  the  hinder  has  coalesced  with  the  occipital  arch,  yet  not  so  as  to 
obliterate  the  boundary  line.4' 

In  the  upper  view  (fig.  4)  the  coiled  cochlear  region  (chi.),  the  meatus  interims 
(VII.,  VIII.),  and  the  base  of  the  recess  for  the  flocculus  are  seen,  but  the  mam 
part  of  that  hollow  is  hidden  by  the  subvertical  part  of  the  capsule,  unossified,  and 
showing  the  form  of  the  arch  of  the  great  anterior  canal  (a.s.c.).  In  the  side  view 
(fig.  3)  the  large  convex  mastoid  region  shows  the  elegant  sweep  of  the  horizontal  and 
posterior  canals  (h.s.c.,  p.s.c.),  the  latter  giving  a  smooth,  rounded  form  to  the  mastoid 
margin  of  the  capsule,  with  no  “  mastoid  process.”  Beneath  (fig.  5),  the  prootic  and 
opisthotic  bones  are  wholly  amalgamated,  the  fore  edge  of  the  capsule  and  the  cochlea 
being  one  common  tract  of  bone — probably  never  quite  separate  centres,  but  developed, 
as  in  many  Mammals,  in  a  generalised  way,  as  also  is  frequently  the  case  in  the 
Anurous  Amphibia.  The  7th  nerve  (VII.)  can  be  seen  running  in  its  canal,  reappear¬ 
ing  inside  the  tegmen  tympani,  and  burrowing  again,  to  escape  through  the  stylo¬ 
mastoid  foramen,  close  behind  the  epihyal  (e.hy.).  In  this  view  also  (fig.  5)  the 
fenestras  (fs.o.,fr.)  of  the  auditory  labyrinth  are  well  seen,  divided,  as  in  Marsupials, 
by  a  wide  opisthotic  bony  tract.  Then  comes  the  wide  interspace,  or  foramen  lacerum 
posterius  (IX.,  X.),  and  the. actually  perforated  exoccipital  (e.o.)  (XII.)  for  with  the 
exception  of  the  olfactory  sieve,  the  hypoglossal  nerve  is  the  only  one  which  passes 
through  a  proper  endocranial  foramen ;  the  7th  and  8th  perforate  a  sense-capsule,  and 
not  a  part  of  the  true  cranium. 

The  occipital  arch  follows  the  auditory  capsule,  finishing  the  skull  in  a  smooth  and 

*  Tliis  embryo  was  probably  ripe,  or  nearly  so,  yet  tbe  development  of  bone  in  tbe  skull  is  very 
remarkable,  and  quite  like  tbe  early  ossification  of  tbe  Marsupial  skull ;  tbe  sharp  free  edges  of  tbe 
infero-lateral  bones  bave  been  formed  by  arrest  of  tbe  ossifying  process,  combined  witb  absorption  of  a 
large  tract  of  cbondrocranium. 
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rounded  manner  ;  the  paroccipital  ridges  of  the  exoccipitals  are  scarcely  marked,  and 
the  supraoccipital  ( s.o .)  is  gently  convex.  The  basioccipital  ( b.o .)  is  large,  and 
through  the  bulging  of  the  bony  sheath  of  the  notochord  (cephalostyle),  subcarinate 
in  front,  below.  The  condyles  ( oc.c .)  are  large  and  obliquely  reniform,  and  there 
is,  besides  these,  much  cartilage  still  left  between  the  bony  centres  of  the  arch  ; 
the  foramen  magnum  (fm.)  is  very  large,  and  pyriform  in  shape. 

The  ossicula  auditus  are  already  well  developed,  Meckel’s  cartilage  being  absorbed 
or  used  up  in  the  lower  jaw.  The  malleus  (fig.  6,  ml.)  is  almost  completely  ossified  ; 
the  processus  gracilis  is  still  one-third  larger  than  the  manubrium  {mb.),  which  is 
short  and  straight,  and  nearly  parallel  with  the  processus  gracilis.  The  head  of  the 
malleus  is  bulbous  and  large,  the  posterior  angular  process  {ag.p.)  forms  a  small 
cartilaginous  elbow  to  the  manubrium.  The  hind  margin  of  the  bone  is  oblique  and 
sinuous ;  altogether  this  malleus  is  very  much  unlike  what  is  seen  in  the  Mascarene 
types.  The  incus  (i.)  is  quite  typical,  and  has,  for  an  Insectivore,  a  very  large 
processus  brevis  ( s.c.i .).  The  stapes  (st.)  is  nearly  typical  ;  it  is  higher,  however  (or 
longer),  and  has  a  smaller  fenestra  than  that  of  the  typical  Insectivora  ;  it  is  fairly  an 
intermediate  form  between  the  typical  and  the  Marsupial  stapes.  Its  neck  and  base 
are  not  yet  ossified  completely  ;  I  see  no  interhyal  on  the  tendon  of  the  stapedius 
muscle. 

The  slender  epihyal  (fig.  3,  e.liy .)  cartilage  is  continuous  both  with  the  auditory  capsule 
above,  and  with  the  upper  ceratohyal  {c.hy.)  below ;  that  tract  is  now  a  slender  bony 
rod,  separated  by  a  cartilaginous  piece  half  its  length  from  the  lowmr  ceratohyal  {c.hy'.), 
which  is  straighter,  shorter,  and  stouter.  The  hypohyal  segment  is  solid,  conical, 
short,  and  articulates  by  its  base  with  the  basal  bar ;  it  is,  at  present,  unossified. 

The  thick  basal  hyoid  is  (J  -shaped,  and  has  a  bony  centre  on  both  the  base,  proper 
(b.h.br.),  and  in  the  thyrohyals  ( t.liy .). 

The  emargination  of  the  fore  edge  of  the  basihyal,  and  the  general  breadth  of  the 
whole  of  the  hinder  tract,  makes  this  part,  also,  intermediate  between  the  hyoid  of  a 
typical  Insectivore  and  that  of  a  Marsupial. 

On  the  skull  of  the  Colugo  (Galeopithecus). 

My  materials  for  this  type  are  as  follows  : — 

Stage  1  (a). — A  naked,  but  apparently  ripe,  embryo  of  Galeopithecus  volans  (? locality), 
inches  long  from  snout  to  root  of  tail,  with  the  umbilicus  thick  and  soft. 

Stage  2  (b). — A  young  specimen  of  Galeopithecus  philippensis,  8  inches  long  to  root 
of  tail  (well  covered  with  hair). 

Stage  3  (c). — A  second  young  form  of  the  same  kind,  one-fifth  larger. 

Stage  4  (d). — Two  adult  specimens  of  G.  philippensis,  which  were  taken  with  the  two 
young  individuals,  in  the  Philippines,  by  Professor  Moseley,  F.P.S.,  during  the 

MDCCCLXXXV.  .  2  K 


250 


MR.  W.  K.  PARKER  ON  THE  STRUCTURE  AND 


“  Challenger  ”  expedition,  and  put  into  my  hands  by  John  Murray,  Esq. ;  and 
one  dry  skull  of  the  same  species ;  locality  unknown.* 

Stage  1,  a. — The  embryo  of  Galeopitliecus  volans  ;  5^  inches  long. 

The  figures  given  of  this  embryo  (Plate  16,  figs.  15,  15a)  at  once  show  its  utter 
unlikeness  to  the  normal  Insectivora  ;  it  belongs,  undoubtedly,  to  their  level  or  plat¬ 
form,  but  its  relation  to  them  is  doubtful  in  the  extreme.  To  the  group  below — the 
Marsupials — it  is  related,  and  to  a  group  above — the  Chiroptera — it  is  also  related, 
as  I  shall  show  anon. 

I  shall  not  enter  into  either  the  zoological  characters,  or  the  visceral  anatomy  of 
this  type,  but  speak  of  what  I  have  found  in  the  developing  skull.  Biologists  can 
then  deal  with  the  evidence  as  to  the  Insectivorous  or  Chiropterous  nature  of  this  very 
archaic  beast,  at  their  leisure. 

Stage  1  (a). — Shull  of  Galeojfithecus  volans  ;  embryo,  5-|  inches  long. 

a. — Investing  bones. 

The  general  appearance  of  the  dissected  skull,  with  the  investing  bones  complete 
upon  it  (Plate  37,  figs.  1,  2 ;  and  Plate  38,  fig.  1)  is  very  similar  to  that  of  a  young 
Phalanger,  or  Cuscus,  of  the  same  size,  but  about  three  months  old,t  but  the  form  is 
in  reality  intermediate  between  that  of  the  skull  of  those  Metatherian  types,  and  that 
of  the  young  Pteropus,  or  Frugivorous  Bat.  By  keeping  these  comparisons  in  mind 
we  shall  be  able  to  see  the  meaning  of  many  things  in  this  type,  which,  however,  has 
some  unique  characters  ;  these  are  strange  and  unique,  because  the  kindred  of  the  two 
Colugos  are  all  extinct.  This  skull  is  very  flat  or  depressed,  and  its  great  breadth 
across  the  middle  gives  it  an  almost  oval  outline  ;  the  short  snout  scarcely  breaking 
such  a  supposed  circumscribing  line,  and  the  occipital  region  being  merely  siuuous, 
instead  of  regularly  arcuate.  The  roof  (Plate  37,  fig.  2,  upper  vieiv)  is  mainly  com¬ 
posed  of  three  pairs  of  bones  that  form  a  very  regular  series  ;  these  are  the  nasals, 
frontals,  and  parietals  («.,  f,  pi),  and  behind  these  is  the  single  interparietal  {ip.), 
once,  no  doubt,  composed  of  a  pair  of  centres.  The  nasals  (n.),  flanked  by  the 
maxillaries  and  premaxillaries  (mx.,  px. ) ,  are  as  long  as  the  parietals,  and  nearly  as 
long  as  the  frontals.  They  are  pointed  in  front  and  very  broad  behind,  stretching  out¬ 
wards  so  as  to  be  sutured  to  most  of  the  fore  margin  of  the  frontals.  Here,  at  once, 
we  see  the  effect  of  the  general  depression  of  this  peculiar  skull,  almost  unique  in  the 
class,  in  its  flatness  and  breadth.  The  frontals  are  well  formed,  and  from  the  lachry¬ 
mal  to  the  parietal  grow  outwards  as  a  neat  supra-postorbital  ledge  ;  a  large  supra- 

*  The  large  size  of  the  embryo  which  had,  apparently,  been  taken  from  the  uterus — as  there  was  no 
shrinking  whatever  of  the  umbilicus — and  the  remarkable  differences,  soon  to  be  described,  between  it 
and  the  other  kinds,  satisfy  me  that  this  belongs  to  the  large  species,  Galeopitliecus  volans. 

t  At  birth  the  Australian  Marsupials  range  from  the  size  of  a  new-born  Mouse  to  that  of  a  new-born 
Rat ;  this  larger  size  is  what  is  attained  by  Macropus  major. 
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orbital  foramen  is  seen  near  the  front  of  this  bony  selvedge.  The  postorbital  processes 
seem  to  clasp  the  parietals  behind  ;  these,  the  largest  of  the  series,  carry  on  and 
increase  the  general,  gentle  convexity  of  the  skull- roof ;  the  frontals  wedge  into  them 
before,  and  the  interparietal  (i.p.)  behind,  so  that  the  sagittal  suture  is  scarcely  more 
than  two-thirds  of  the  length  of  the  frontal.  The  fore  edge  of  the  interparietal  {i.p.) 
makes  the  lambdoidal  suture  bracket-shaped ;  that  transverse,  oblongo-oval  bone, 
raises  a  new  convexity  over  the  hind  brain  ;  at  present,  the  parietals  are  scarcely 
imprinted  at  all  by  the  top  of  the  temporal  muscle. 

This  skull,  which  reminds  one  of  anything  rather  than  that  of  an  Insectivore — for  the 
Colugo  might  be  called  a  small  primordial  Herbivore,  with  a  parachute— has  pneumatic 
squamosals  as  in  the  Marsupials  ;  the  squamous  suture  is  seen  in  this  upper  view,  and 
also  the  swelling  of  the  bone  caused  by  large  air-cells  outside  the  temporal  fossa.  The 
short  zygomatic  process  is  also  seen  in  this  view,  and  the  thick  top  edge  and  hollow 
inner  face  of  the  jugal  or  malar  (j.)  which  reaches  far  back,  as  we  shall  see  in  the  other 
figures.  Another  thing  is  seen  here  in  this  marvellous  little  Herbivore,  namely,  the  great 
backward  extension  of  the  maxillaries  {rax.),  with  their  large  dentary  region  (see  also 
figs.  1  and  3).  We  see  also,  obliquely  over  the  growing  hind  sockets,  the  hinder  opening 
of  the  infraorbital  foramen  or  channel  for  the  2nd  branch  of  the  5th  nerve  (V3.). 
Outside  that  passage,  in  the  antero-external  part  of  the  orbit,  there  is  another  large 
passage,  this  is  the  lachrymal  canal  in  the  lachrymal  bone  (l.c.,  1.),  a  large  perforated 
shell  of  bone  growing  out  upon  the  face,  as  well  as  forming  a  large  part  of  the  orbital 
cup  in  front. 

All  these  things  want  supplementing  by  the  lateral,  lower,  and  end  views  of  the 
skull  (figs.  1  and  3  ;  and  Plate  38,  fig.  1). 

The  side  view  (Plate  38,  fig.  1)  shows  that  the  face  is  deflected  considerably — an 
embryonic  character — and  that  there  is  a  definite  hollow  between  the  nasal  and  frontal 
regions  above. 

The  orbital  and  temporal  regions  run  into  each  other,  but  the  enclosure  of  the  post¬ 
orbital  region  is  begun. 

In  the  adult  (Plate  39,  fig.  3)  the  cranial  cavity  and  the  upper  nasal  region,  from 
the  end  of  the  snout  to  the  crista  galli  are  equal ;  now  (Plate  38,  fig.  1),  the  brain- 
cavity  measures  nearly  twice  the  upper  nasal  length  ;  this  is  an  early  and  also  a  Mar¬ 
supial  state  of  things,  and  would  have  been  still  more  remarkable  in  an  earlier  embryo. 

The  nasals  have  a  very  convex  dorsal  outline,  and  dip  where  they  slightly  overlap 
the  frontals  laterally  ;  they  are  in  sutural  relation  with  the  deep  facial  plate  of  the  pre- 
maxillaries  and  maxillaries  {px.,  mx.)  ;  the  upper  edge  of  the  former  is  extensive,  being 
three-fourths  as  large  as  that  of  the  maxillaries.  Two-thirds  of  the  exposed  outer  face 
of  the  maxillaries  is  suborbital ;  a  hollow,  beginning  in  the  premaxillary,  runs  along  the 
maxillary  up  to  the  lachrymal  (l.) ;  near  its  end  there  are  two  small  infraorbital  fora¬ 
mina  (V2.) ;  the  first  hole  is  small  on  both  sides  ;  they,  however,  are  very  variable,  as  in 
one  adult  Philippine  Colugo,  I  find  two  openings  on  each  side,  and  in  another  four  on 
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both  sides.  At  present,  the  thickening  of  the  orbital  edge  is  formed  by  the  lachrymal, 
and  the  maxillary  is  hollow  up  to  it  ;  below,  the  whole  alveolar  region  is  swollen  but 
sinuous,  it  reaches  to  within  a  very  short  distance  of  the  preglenoid  convexity.  The 
lachrymal  is  very  large  ;  its  infraorbital  plate  was  best  seen  in  the  last  figure  (Plate  37, 
fig.  2,  l.) ;  there  it  is  seen  to  carry  on  the  orbital  ring,  forming  at  least  a  quadrant ;  its 
swollen  outer  facial  part  corresponds  to  the  excavated  infraorbital  tract  (see  the  upper 
view).  Hiding  over  and  outside  the  last  two  alveolar  swellings  of  the  maxillary,  the 
large  jugal  (j.)  begins  narrowish  and  convex,  and  then  forks,  and  becomes  somewhat 
concave.  The  foremost  upper  fork  tends  to  unite  with  the  postorbital  process  of 
the  frontal,  and  then  to  make  a  perfect  orbital  ring  such  as  we  shall  see  in  the 
next  type  (the  Lemurine  Tupaia).  This  large  jugal,  like  that  of  a  Marsupial, 
grows  over  the  fore  part  of  the  glenoid  cartilage — a  diagnostic  Metatherian  character. 
Most  of  the  side  of  the  skull  is  taken  up  by  the  enormous  squamosal  (sq. )  which, 
measurement  for  measurement,  is  as  large  as  the  parietal.* 

The  squamous  suture  is  very  extensive  ;  when  seen  from  above  (Plate  37, fig.  2)  it  is 
seen  to  be  formed  by  overlapping  the  parietal,  although  it  just  touches  the  interparietal. 
The  junction  of  the  jugal  with  the  zygomatic  process  of  the  squamosal  is  extensive,  and 
its  lower  part  is  plastered  by  the  glenoid  cartilage  ;  the  glenoid  cavity  is  deep  and 
looks  forwards  and  downwards,  and  is  supported  behind  by  a  large  postglenoid  ridge. 
Behind  that,  the  bone  is  cut  away  in  a  circular  manner,  with  toothings  over  the  ear¬ 
drum  ;  then  from  its  postero  -inferior  angle  it  rises  obliquely,  being  furthest  backwards 
above,  and  has  its  thin  rounded  hind  edge  notched  just  below  the  middle,  where  it 
overlaps  the  mastoid  region. 

The  suture  with  the  alisphenoid  ( al.s .)  in  front  is  short  and  almost  vertical ;  from  it 
the  temporal  fossa  runs  backwards  and  upwards.  The  pterygoid  hook  (/op.)  is  just 
seen  below  the  jugal  and  inside  the  small  external  pterygoid  process  of  the  alisphenoid 
(i e.pg .).  The  annulus  ( a.ty .)  is  very  instructively  imperfect  for  comparison  with  the 
next  stage  (fig.  4),  where  it  already  forms  a  vertical  opening  or  slit  with  bony  lips. 
Here  (fig.  l)  it  lies  under  the  tegmen  tympani  as  a  shallow  saucer-like  bone,  pro¬ 
jecting  in  front,  hiding  its  hinder  and  front  crura  inside  the  squamosal,  and 
developing  a  rudiment  from  the  hind  crus  which  will  become  the  hinder  and  lower 
part  of  the  vertical  bony  meatus. 

The  mandible  (figs.  1  and  2,  d.)  is  decurved  like  the  upper  face,  quite  unlike  the 
ascending  “  mentum  ”  of  Cuscus ;  so  also  the  extended  and  out-turned  angular  region 
(ag.p.)  is  unique  ;  it  does,  however,  show  an  inflated  inner  face,  as  in  Marsupials.  The 
condyloid  process  ( cd.p .)  is  not  very  sharply  defined  ;  the  condyle  itself  is  oval,  with 
the  long  axis  transverse;  the  coronoid  process  ( c.p .)  is  small,  oblique,  and  sub- 
uncinate  ;  the  whole  ramus  is  sigmoid  in  its  general  outline. 

*  Here  the  skull  of  a  young  Cuscus  maculatus,  of  the  same  size  as  this  large  embryo  of  Caleopitliecus 
volans,  comes  in  in  a  most  timely  way ;  tbat  type  is  to  me  the  most  generalized  Marsupial  I  have  seen, 
and  the  squamosal  in  it  is  only  less  than  that  of  the  embryo  Colugo. 
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The  under  view  (Plate  37,  fig.  1)  is  remarkable  for  its  size,  both  in  length  and  breadth ; 
its  length  is  considerably  greater  than  that  part  of  the  basis  cranii  which  lies  behind 
it,  and  its  breadth  is  equal  to  that  part — -the  main  part — which  is  formed  by  the 
maxillaries  and  palatines.  The  general  form  of  the  palatine  region  is  oval,  but 
irregular  in  front,  and  emarginate  behind.  Laterally  the  large  alveolar  tracts  with 
their  pushing  teeth  (some  of  them  are  cut)  are  very  large  ;  there  are  no  teeth  in  the  fore 
part  of  the  premaxillaries,  but  two  in  each,  on  the  side ;  these,  however,  are  small. 
The  fore  margin  of  the  premaxillaries  is  narrow,  where  they  meet  in  a  very  obtuse 
angle  ;  the  lateral  part  of  each  bone  projects  forwards,  and  is  subuncinate.  The 
slender  palatine  processes  of  the  premaxillaries  ( p.px .)  are  hidden,  behind,  by  the 
maxillary  palatine  plates;  when  these  are  removed  (Plate  39,  fig.  1)  then  they  can  be 
seen  as  long,  slender,  arcuate,  compressed  bars,  having  no  distinct  antero-lateral 
vomers  attached  to  them  ;  but  these  bones  may  have  become  confluent  with  them. 
Through  the  narrowness  of  the  premaxillaries  in  front,  and  the  deficiency  of  the 
maxillary  plates  towards  the  mid-line,  the  anterior  palatine  foramina  are  very  large  ; 
they  are  oval,  and  show  a  considerable  tract  of  the  recurrent  cartilages  ( rc.c .),  behind 
the  opening  of  Jacobson’s  organs  ( j.o .).  Behind  the  emargination  the  maxillaries 
scarcely  meet  for  some  distance,  but  the  last  two-thirds  of  their  suture  is  perfect  ; 
right  and  left  of  this  part  the  bone  is  concave,  but  this  hollowing  of  the  roof  is  much 
less  than  that  which  is  found  in  young  Marsupials  ;  the  sides  also  are  hollow,  thus 
there  is  a  general  crescentic  convexity  along  the  middle  of  each  palatine  plate.  The 
hard  palate  is  not  extended  backwards  more  than  one-sixth  further  by  the  palatines 
(pet.),  but  they  are  strong  bones,  and  the  whole  hard  palate  shows  nothing  of  that 
economy  of  bony  deposit  seen  in  Marsupials  and  typical  Insectivores.  The  skull  set 
up,  and  with  the  palate  towards  the  eye,  shows,  here,  a  very  elegant  double  archway 
to  the  two  nasal  passages.  The  thick,  ribbed  margin  of  the  bones  projects  where  they 
meet,  so  that  the  end  of  the  hard  palate  is  bracket-shaped  ;  in  front  of  each  thickening 
the  oblique  posterior  palatine  foramen  ( p.pf )  is  seen.  These  narrow  curved 
palatines  lie  like  scales  under  the  maxillary  plates,  and  their  curved  thin  fore  edge 
retreats,  laterally,  and  then  turns  a  little  inwards,  where  it  is  pressed  against  the 
alveolar  wall  of  the  two  last  teeth.  The  thick  side  wall  of  the  open  part  still  gently 
curves  inwards  ;  it  is  separated  outside  from  the  palatine  portion  by  a  large  sharp 
notch.  The  shell -like  orbital  or  ascending  part  of  the  palatines  meets  the  hinder  part 
of  the  main  vomer  (v.),  almost  reaching  as  far  backwards  as  its  four  terminal  prongs. 
The  small  pterygoids  (pg.)  also  ascend,  and  below,  where  they  are  spliced  obliquely  to 
the  palatine  wall  of  the  great  nasopalatine  canal,  they  end,  behind,  in  the  hamular 
process,  which  is  small,  flat,  and  turned  outwards  ;  it  is  supported,  outside,  by 
the  equally  small  external  pterygoid  process  (e.pg.).  The  pterygoid  is  very  small,  as 
in  the  Marsupials,  and  this  comes  from  the  fact  that  what  is  generally ,  in  the  higher 
mammals,  the  upper  or  basicranial  flange,  is  here,  as  in  the  Marsupials,  a  long,  tongue¬ 
shaped  mesopterygoid  ( ms.pg .).  This  flat  bone  is  sharp  in  front,  where  it  wedges  in 
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between  the  palatine  and  pterygoid,  and  blunt  behind,  where  it  partly  hides  the  basi- 
sphenoid  (b.s.) ;  its  front  part  hides  the  side  of  the  presphenoid  (p.s.)  ;  it  is  gently 
arcuate,  the  convex  side  being  towards  the  mid-line.  To  see  the  rest  of  the  splints 
of  the  fore  part  of  the  skull  the  palatine  plates  have  to  be  cut  away  (Plate  39,  fig.  1). 
The  main  vomer  (v.)  is  five-ninths  the  length  of  the  wdrole  bony  skull,  measured  along 
its  base.  Its  blunt  point  fits  in  between  the  hinder  third  of  the  palato-premaxillary 
bars ;  there  it  becomes  subcarinate,  widening  gently  ;  its  broadest  hinder  part  is 
distinctly  keeled,  and  that  keeled  part  is  exposed  in  the  open  nasopalatine  passage 
(Plate  37,  fig.  1).  The  subcarinate  part  is  strongly  clamped  by  the  bones  of  the  hard 
palate,  and  thus  the  nasal  passages  are  divided.  The  postero-inferior  part  of  the  nasal 
labyrinth  is  underfloored  by  lateral  bones,  behind  the  great  inferior  openings  which 
have  the  maxillary  plates  as  their  floor ;  but  for  these  plates  the  greater  part  of  this 
region  would  be  “  schizognathous.”  Behind,  however,  the  “  desmognathism  ”  is 
double — upper  and  lower  ;  this  is  caused  by  the  meeting  together  of  the  notched  orbital 
plate  of  the  palatines  and  the  “  postero -lateral  vomers  ”  (v".) — two  triangular  wedges 
of  thin  bone  that  by  their  most  acute  angle  fit  in  between  the  vomer  and  recurrent 
cartilage  in  front,  have  their  obtuse  angle  external,  and  their  less  acute  angle  wedged 
in  between  the  vomer  and  palatines.  These  bones  are  larger  than  usual  for  even  an 
Insectivore,  but  are  not  distinctly  Metatherian — as  in  Rhynchocyon,  where  they  nearly 
meet  behind  the  median  vomer.  Thus  the  creature  sways,  so  to  speak,  everywhere, 
between  a  normal  Eutherian  and  one  of  the  Metatheria.  The  strong  jugals  (j.) 
bind  against  the  maxillaries  in  front  and  widen  out ;  they  then  thicken,  are  hollow 
outside,  and  end  obtusely  just  over  the  glenoid  facet  ( gl.c .).  The  great  pneumatic 
squamosals  (sq.)  show  some  of  their  most  marked  characters  in  this  aspect,  for  both 
the  hinge  (gl.c.)  and  the  pneumatic  cavities  are  to  be  seen  from  below.  The  zygomatic 
process  is  short,  the  glenoid  facet  is  concave,  oval,  and  almost  transverse, — it  looks 
obliquely  downwards,  and  forwards,  and  retreats  a  little  at  its  inner  end.  The  post¬ 
glenoid  ridge  is  large  and  thick,  and  the  bone  extends  inwards  beyond  it,  clamping 
the  alisphenoid  (al.s.),  and  nearly  reaching  the  cochlea  (chi.).  The  outer  edge  is 
tucked,  as  it  were,  under  the  skull  and  round  the  top  of  the  tympanic  cavity. 

Behind,  the  squamosal  embraces  the  mastoid  part  of  the  ear-labyrinth,  and  that 
edge  is,  close  in  front  of  the  arrested  and  coalesced,  epihyal  (e.hy.).  The  roof  of  the 
tympanic  cavity — tegmen  tympani  —  is  largely  formed  by  the  squamosal,  and  that 
roof  opens  into  the  air-galleries  above,  that  give  the  sinuous  appearance,  and  apparent 
thickness  to  the  bone  (fig.  2,  sq.). 

The  tympanic  ring  (a.ty.)  is  in  a  remarkable  state  of  development  for  an  embryonic 
Insectivore ;  its  development  is  equal  to  that  of  a  Bodent  or  a  Herbivore  (Ungulate). 
But  although  large,  the  bone  is  shallow — a  mere  saucer,  and  the  air  cavity  in  it  is  very 
limited  as  to  depth ;  but  this  is  compensated  by  the  extensive  galleries  that  are  developed 
in  the  squamous  and  mastoid  regions  (see  in  the  adult,  Plate  39).  This  tympanic 
dish  (Plate  37,  fig.  1,  a.ty.)  has  a  spout  in  front,  an  accurate  round  notch — the 
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opening — on  its  outer  edge,  and  a  small  unfinished  part  behind  that  notch  ;  its 
general  form  is  round  and  gently  concave  above  and  convex  below,  but  it  runs  into 
crenations  at  the  postero-external  margin,  and  also  (.Plate  38,  fig.  1,  a.ty.)  is  developing 
a  process  which  is  the  rudiment  of  the  compressed  bony  meatus  externus  (see  Plate  38, 
fig.  4,  a.ty). 

The  end  view  (Plate  25,  fig.  3)  shows  the  imbrication  of  the  roof- plates  as  they  fit 
upon  the  occipito-auditory  region ;  the  parietals,  interparietal,  and  squamosals 
{p.,  i.p.,  sq.)  are  thus  seen,  and  the  latter  show  their  sinuous  enlargements,  due  to  the 
excavations  within  them. 


Endocranium  of  embryo  of  Galeopithecus  volans  ;  1st  Stage  (a). 

Many  things  belonging  to  the  inner  cranial  structures  can  be  seen  in  the  dissected, 
but  perfect,  skull  (Plate  37,  figs.  1-3  ;  and  Plate  38,  fig.  1) ;  but  only  when  the  invest¬ 
ing  bones  have  been  removed  are  the  deep  parts  thoroughly  visible. 

Such  further  dissections  are  figured  in  lower  and  upper  views  (Plate  39,  figs.  1,  2), 
with  some  of  the  investing  bones,  left  for  the  most  part  in  outline,  to  be  useful  as 
landmarks. 

The  short,  broad  snout  ( al.n .)  has  its  nostrils  (e.n.)  near  the  end,  and  rather  under¬ 
neath  ;  the  snout  narrows  in  front,  broadens  behind  the  nostrils,  and  then  is  some¬ 
what  pinched  in, 

From  the  middle  of  the  floor,  which  crosses  over  the  premax  diaries  (px),  the 
recurrent  cartilages  (rc.c.)  are  given  off,  these  grow  round  the  opening  of  Jacobson’s 
organs  and  then  run  along  on  their  inner  and  under  side  as  them  proper,  but  imperfect, 
capsule.  These  curious  retral  growths  of  the  snout  are  twice  as  long  in  this  species  as 
is  normal,  a  fact  the  meaning  of  which  I  cannot  explain,  but  which  will  be  understood 
when  our  knowledge  of  these  parts  is  more  advanced. 

The  inferior  turbinals  ( i.tb .)  are  very  feeble,  but  the  foremost  coil  of  the  middle 
turbinal  series  ( m.tb .)  is  very  large  indeed — both  in  width  and  in  length  ;  it  extends 
forwards  twice  as  far  as  usual :  three  other  coils  of  this  series  are  seen  behind  it. 

Above  (fig.  2),  in  this  species,  the  olfactory  labyrinth  ( al.e .)  is  seen  to  be  short,  and 
not  very  wide  ;  this  is  partly  due  to  age,  and  is  j)artly  a  specific  distinction.  The 
whole  face  being  shorter  and  broader  in  this  embryo  than  can  be  accounted  for  by 
difference  of  age  ;  the  thick  top  of  the  septum  (p.e.)  does  not  end  in  a  definite  crista 
galli.  The  top  of  the  great  septum  {p.e.)  is  very  oblique,  it  is  narrow,  and  has  a 
smaller  perforated  plate  {cr.p.),  right  and  left  of  it,  than  is  usual  in  Insectivores.  This 
cribriform  plate  is  quite  unlike  that  of  the  Hedgehog  or  the  Mole,  and  is  quite  like 
that  of  a  young  Frugivorous  Bat  ( Cynonycteris  collaris),  now  before  me.  Its  upper 
recesses  are  shallow,  its  size  is  small  and  sub-oblong — widest  above — and  its  perfora¬ 
tions  are  comparatively  few  ;  the  Frugivorous  Bat  on  one  hand,  and  Cuscus  on  the 
other,  gives  us  the  two  cribriform  plates  most  like  it.  A  tract  of  median  cartilage  is 
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seen  above,  behind  the  cribriform  plate,  which  is  the  end  of  the  perpendicular  ethmoid, 
and  the  beginning  of  the  presphenoid.  All  the  fore  part  of  the  basis  cranii  on  the 
under  surface  (fig.  1)  up  to  this  point  is  hidden  in  the  lower  view  by  the  vomers.  In 
the  upper  view  (fig.  2)  the  orbitosphenoids  have  lost  their  large  cartilaginous  upper 
part,  and  now  form  two  oblique,  four-sided  wings  (o.s.)  that  have  met,  and  largely 
coalesced  below,  to  form  a  long  presphenoidal  region,  as  in  the  Hedgehog  and  the 
Mole ;  the  Shrew,  as  I  have  shown,  agrees  with  the  Marsupials  in  having  an 
independent  presphenoid  ;  that  is  a  rare  thing  among  the  Eutheria,  but  is  seen  in 
small  Rodents.  The  optic  foramen  (II.)  is  very  large — a  good  Lemurine  character — 
and  the  bar  enclosing  it,  behind,  is  strong ;  here  we  are  far  away  from  the  Mar¬ 
supials.  There  is  still  much  cartilage  between  the  presphenoid  and  basisphenoid  ( b.s .) ; 
the  fore  margin  of  the  latter  is  bilobate,  and  its  sides  show  some  remnants  of  the 
expanded  parts  that  in  typical  Insectivores  form  the  tympanic  wings  ;  there  are  two 
irregular  knobs  on  each  side.  The  alisphenoids  ( al.s .)  are  still  distinct  from  the  basi¬ 
sphenoid,  they  are  one-third  larger  than  the  orbitosphenoids,  and  overlap  them  by 
their  inner  and  anterior  angle  much  more  than  in  Bhynchocyon  and  the  Marsupials  ; 
this  corresponds  with  what  we  see  in  Bats,  but  is  quite  unlike  the  peculiar  over¬ 
lapping  growth  of  the  alisphenoid  in  typical  Insectivores.  Each  wing  is  ear- shaped, 
narrowing  in  behind,  and  so  deeply  notched  for  the  1st  and  2nd  branches  of  the  5th 
and  the  orbital  nerves  in  front  (V1.  2),  and  by  the  3rd  branch  (V3.)  behind,  that  there 
is  only  an  isthmus  of  bone  one-third  the  extent  of  the  wing  between  the  two  great 
round  notches  ;  this  is  equally  true  of  these  parts  in  a  young  Pteropus.  When  the 
soft  tissues  are  removed  between  the  posterior  sphenoid  and  the  auditory  capsules 
(fig.  2),  then  a  very  irregular  middle  lacerated  foramen  is  seen,  this  is  bounded  postero- 
laterally  by  the  squamosal  (sq.).  That  bone  covers  nearly  all  the  auditory  capsule, 
externally  (Plate  38,  fig.  1,  sq.,  op).),  and  below  (Plate  39,  fig.  1.  op.),  only  a  small 
mastoid  tract  is  seen  clamped  by  the  squamosal,  perforated  by  the  facial  nerve  (VII.), 
and  having  in  front  of  that  foramen  (stylomastoid),  a  very  small  rough  bony  elevation, 
the  arrested  and  confluent  epihyal  ( e.liy .).  There  the  bony  capsule  is  pinched,  for  the 
exoccipital  (e.o.)  nearly  meets  the  squamosal  in  front  of  the  epihyal  knob.  Then  the 
auditory  labyrinth  expands,  running  inwards  and  forwards,  and  showing,  from  behind 
forwards,  the  heart-shaped  fenestra  rotunda,  the  oval  fenestra  ovalis,  and  the  notch 
in  front  of  the  latter,  through  which  the  facial  nerve  (VII.)  passes  to  get  under  the 
tegmen  tympani  (t.ty.)  ;  the  whole  fore  and  under  part  is  the  smallish,  obtuse  cochlea 
(chi). 

Above  (fig.  2),  the  capsule  is  well  displayed ;  it  has  a  rough  keel  in  front  of  the 
proximal  cochlear  eminence,  behind  which,  running  inwards  and  a  little  back-wards, 
are  several  holes.  The  porched  meatus  interims,  on  the  inner  side,  contains  several  of 
these,  the  outermost  being  for  the  facial  nerve  (VII.)  and  the  other  for  the  auditory 
or  portio  mollis  (VIII.).  The  former  passes  under  a  thick  bridge  of  bone,  and  then 
runs  round  and  escapes  through  the  notch  in  front  of  the  fenestra  ovalis  (fig.  1  ,fs.o., 
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VII.).  Then  comes  the  arched  part  containing  the  anterior  canal  ( a.s.c .)  bent  over 
the  hollow  for  the  flocculus  cerebelli  ;  the  arch  runs  backwards  and  inwards  to  meet 
the  occipital  arch,  strongly  clamped  by  the  thick  hollow  squamosal  ( sq .).  From  the 
bridge  over  the  facial  nerve  there  is  on  the  left  side  a  short,  and  on  the  right  side  a 
long,  spur  of  bone,  running  upwards  towards  the  arch  of  the  anterior  canal.  The 
whole  auditory  capsule  is  well  ossified,  just  a  little  cartilage  remaining  in  the  mastoid 
eminence  (op.)  and  along  the  epiotic  margin,  but  the  occipital  arch  has  still  large 
synchondroses  (Plate  37,  figs.  1-3 ;  Plate  38,  fig.  1  ;  and  Plate  39,  figs.  1,  2). 
The  supraoccipital  (Plate  37,  fig.  3,  s.o .)  is  a  large  shield  of  bone,  round  above, 
notched  below,  and  with  sinuous  sides;  it  was,  evidently,  double  at  first,  is  convex 
above,  and  along  the  middle,  and  is  a  little  scooped  for  muscular  attachment  infero- 
laterally.  Then  comes  a  large  triradiate  tract  of  unossified  cartilage,  below  which 
there  is,  outside,  the  mastoid  bone  (op.),  and  inside,  the  exoccipital  (e.o.) ;  the  former 
ends  in  a  small  cap  of  cartilage.  The  curved  exoccipitals  are  everted  against  the 
mastoid  bone,  but  they  keep  well  inside  it,  and  form  no  definite  paroccipital  pro¬ 
minence.  The  condyles  are  long  (deep)  and  roughly  crescentic — broad  above,  narrow 
below — and  help  to  enclose  a  large  foramen  magnum  (f.m.). 

The  basioccipital  (Plate  39,  figs.  1,  2,  b.o.)  is  twice  as  long  as  the  basisphenoid,  it  is 
narrow  in  front,  broad  behind,  subconcave  above,  and  subcarinate  below  ;  it  is 
separated  from  the  lateral  ossifications  by  a  large  tract  of  cartilage,  and  is  perforated 
by  the  large  hypoglossals  (XII.),  and  notched  by  the  vagus  and  glossopharyngeal 
(X.,  IX.).  ' 

So  far  advanced  is  the  embryo  before  birth — equal  to  that  of  a  young  Marsupial 
eight  months  old — and  the  Marsupials  ossify  their  skull  earliest  of  all  kinds — that  the 
processus  gracilis  of  the  malleus  (Plate  37,  fig.  4)  is  already  only  half  the  size  of  the 
manubrium  (mb.).  The  posterior  angular  process  (p.ag.)  is  a  distinct  knob,  but 
small;  the  head  of  the  bone  is  bulbous.  The  incus  (i.)  is  very  bulbous,  and  is  very 
similar  to  that  of  a  very  different  Order  of  Herbivores,  namely,  the  Huminantia 
(Doran,  plate  61,  figs.  12-21).  The  short  crus  (s.c.i.)  is  very  short  and  small,  and  the 
long  crus  ( l.c.i .)  although  normal  in  form,  is  small  as  compared  with  the  bulbous 
body.  The  height  and  basal  breadth  of  the  stapes  (st.)  are  about  equal,  the  fenestra 
is  small,  as  in  those  Marsupials  that  have  this  hole  ;  the  interhyal  is  arrested. 

The  ceratohyal  (Plate  38,  fig.  3,  c.liy.)  is  in  one  slender  subfalcate  segment,  with 
the  lower  part  ossified;  the  hypohyal  (h.hy.)  is  less  than  half"  of  the  length  of  the 
ceratohyal,  but  it  is  thicker;  it  is  not  ossified.  Nor  is  the  U -shaped  basal  cartilage 
(bh.br.)  which  has  flat  and  uncinate  thyrohyals  ( t.hy .),  not  yet  segmented  from  the  basal 
tract,  which  is  small  and  narrow.  This  os  hyoides  is  quite  unlike  the  perfect  arch  of  the 
British  Insectivora  and  the  East  African  Rhynchocyon ;  it  is  better  developed  than 
that  of  the  larger  Centetidse,  and  is  about  equal  to  that  of  a  Marsupial  at  the  same 
stage  of  development.  The  small,  simple  concha  (Plate  37,  fig.  5),  shows  an  imperfect 
segmentation  of  the  annuli  inside  the  dilated  leafy  growth  of  cartilage. 

MDCCCLXXXV.  2  L 


258 


MR.  W.  K.  PARKER  OK  THE  STRUCTURE  ARD 


Stage  2  (b). —  Young  of  Galeopithecus  pliilippensis  ;  8  inches  long  from  snout  to 

root  of  tail. 

The  investing  hones  of  the  skull. 

The  side  view  of  the  skull  (Plate  38,  fig.  4)  reminds  one  of  that  of  an  Ewe,  or  of  a 
Llama,  just  as  the  incus,  as  we  have  seen,  is  like  that  of  the  Ruminants  ;  the  side 
view  of  the  head  in  the  embryo  of  the  other  species  (Plate  16,  fig.  15a)  suggests  the 
same  resemblance.  Anyhow,  whatever  it  is  like,  the  skull  is  as  unlike  that  of  a 
normal  Insectivore  as  it  can  well  be.  The  centre  of  the  orbit  is  at  the  middle  of  the 
length  of  the  whole  skull,  including  the  snout ;  the  facial  part  is  much  shorter  in  the 
embryo  of  the  other  kind  (compare  Plate  38,  figs.  1  and  4).  More  than  a  third  of 
this  large  orbit — Lemurine  as  to  size — is  unenclosed  behind  ;  it  is  more  circular  than 
in  the  young  specimen.  Through  advanced  growth,  the  hollow  over  the  fore  part  of 
the  orbits,  and  the  deflection  of  the  snout,  are  less  marked.  Now,  the  highest  convex 
part,  above,  is  parietal  (p.),  and  the  supraorbital  ridge  is  higher  than  the  upper  face 
of  the  frontals  (/.),  and  the  convex  dorsal  line  of  the  nasals  ( n .)  is  a  little  less 
rounded.  The  embryonic  curve  of  the  whole  skull  is  now  much  less  evident ;  but 
the  straightening  process  is  not  finished  yet.  The  premaxillary  ( px. )  runs  further 
into  the  maxillary  ( 'mx .)  in  the  facial  suture,  and  the  latter  is  much  more  outspread 
in  the  preorbital  region,  quite  flush  with  the  lachrymal  ( 7 .)  The  latter  bone  encloses  a 
fourth  of  the  orbit,  and  a  third  of  its  actual  rim.  Its  canal  is  well  inside  the  edge,  as 
in  the  Hyrax,  and  not  outside  as  in  Bats,  Lemurs,  and  most  Marsupials.  These  latter, 
as  a  rule,  have  two  canals — one  in  Phalangista.  The  facial  part  of  the  lachrymal  is  a 
large  lunule  and  the  orbital  a  thin  polygonal  plate.  The  small  double  infraorbital 
foramen  (V3.)  is  below  the  convex  preorbital  margin  of  the  maxillary.  The  developed 
orbital  rim  hides  the  inner  opening  when  looked  at  in  this  aspect.  The  orbital  edge 
and  postorbital  process  of  the  jugal  (j.)  are  better  grown  now,  and  the  latter  is  not 
so  far  back ;  it  is  nearly  over  the  middle  of  the  well-developed  cheek-bone.  A  tri- 
radiate  concavity  traverses  the  large  orbital  plate  of  the  strong-browned  frontal  (/!) ; 
that  shallow  fossa  ends  below  and  behind  in  a  rounded  notch,  which  is  made  into 
a  foramen  (f.  orbitale)  for  the  re-admission  of  the  ophthalmic  nerve  (V1.)  inside  the 
skull-wall.  The  frontal  bone  interdigitates  with  the  parietal  (p.)  under  and  behind 
the  postorbital  process,  and  then  that  gently  swelling  roof-bone  runs  back  to  the  trans¬ 
verse  interparietal  ( i.p .).  Behind  the/!  opticum  (see  fig.  1,  II.),  the  large  alisplienoid 
wedges  apart  the  frontal,  parietal,  and  squamosal ;  the  latter  ( sq .)  is  squarish,  and  large 
enough  to  hide  most  of  the  side  of  the  bind  skull ;  it  corresponds  with  that  of  an 
Eastern  Marsupial ;  in  Didelpliys  it  is  much  smaller  ;  it  is  in  remarkable  contrast 
with  that  of  Erinaceus  and  Rhynchocyon  (Plate  20,  fig.  3  ;  and  Plate  36,  fig.  3) ;  in 
Pteropus  and  Lepilemur  the  parietals  throw  the  squamosal  down  to  the  side,  and,  in 
then  much  fuller  growth,  overshadow  it. 
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Here  the  zygomatic  process,  the  glenoid  cavity,  the  postglenoid  ridge,  the  supra- 
tympanic  notch,  the  temporal  fossa,  the  tempora  squama,  and  the  post-tympanic 
angle  are  all  in  a  high  state  of  development.  Below  and  inside  the  elegant  sigmoid 
jugo-squamosal  suture  we  see  the  internal  pterygoid  hook,  and  the  small  external  ptery¬ 
goid  plate  (pg.,  e.pg.).  Built  well  into  the  deep  rounded  tympanic  notch  of  the  squa¬ 
mosal,  we  see  the  strong  compressed  bony  meatus  extern  us  ( m.a.e .),  standing  out  from  the 
general  tympanic  dish  ( a.ty .)  ;  it  is  open  above,  as  the  squamosal  is  below  ;  together 
they  make  a  vertical  narrow  bony-lipped  passage  to  the  shallow  drum-cavity  and  its 
extensive  upper  galleries — that  is,  after  the  membrana  tympani  has  been  removed 
from  the  inside  of  this  narrow  porch.  The  lower  jaw  (figs.  4  and  5)  has,  already, 
nearly  assumed  the  adult  form,  with  its  deflected  mentum,  its  oblong  dentary  region, 
its  small  unciform  coronoid  process,  its  non- pedunculate  condyle,  notched  behind,  and 
its  wide  out-turned  angular  region,  with  an  incurved  inner  edge. 

The  lower  view  (Plate  87,  fig.  6)  shows  some  contrasts  with  that  of  the  embryo  of 
the  other  species  (fig.  1)  that  cannot  all  be  put  down  to  a  further  stage  of  development. 
Here  we  must  make  allowance  for  two  causes  of  difference  — age,  and  diversity  of 
species.* 

Here  (Plate  37,  fig.  6)  the  alveolar  tracts  are  more  nearly  parallel  than  in  the 
other  kind  (fig.  1),  and  this  is  not  merely  due  to  advance  in  growth,  but  is  partly 
also  specific.  The  fore  part  of  the  premaxillaries  (px.)  is  slenderer,  and  the  maxillary 
palatine  plates  have  grown  further  forwards. 

With  this  fuller  development  of  the  palatine  plates,  the  hollowness  of  the  palate  in 
its  middle — a  remnant  of  the  old  Marsupial  feebleness  of  this  part — is  almost  gone, 
although  the  mid-line  is  hollow,  and  a  shallow  fossa  runs  right  and  left,  cross-wise, 
near  the  hind  margin  of  the  maxillary  plates.  The  palatine  plates  of  the  palatines 
(pa.)  are  like  those  of  the  other  kind,  but  they  are  more  extensive,  and  in  this  stage  we 
have  a  complete  sutural  analysis  of  the  peculiarly  elegant  archways  of  the  nasopala¬ 
tine  passages  of  the  adult  Colugo.  The  squamous  suture  of  the  maxillaries  and 
palatines  is  arched,  but  runs  transversely  in  this  case,  and  the  narrow  fissure  between 
the  flat  part  and  the  ribbed  edge  is  widened  out  into  a  very  remarkable  uncinate  con¬ 
cavity,  ending  sharply,  outside,  in  the  posterior  palatine  foramen  ( P-P-f- )■  Here, 
again,  we  see  the  sharp  angular  space  between  the  palatine  part  and  the  mere  side 
wall,  which  turns  inwards  to  join  the  feeble  pterygoids  (pg.),  which  have  a  basicranial 
tract,  ending  in  a  toothed  edge,  between  the  orbital  plates  of  the  palatines  and  the 
long  tongue-shaped  mesopterygoids  (m.s.pg.).  These  latter  reach  nearly  to  the  basi- 
occipital  (b.o. ). 

*  The  difference  is  as  remarkable  as  the  similarity  (Plate  37,  figs.  1  and  6)  ;  and  if  these  two  waifs  can 
stow  such  curious  and  notable  modifications,  although  so  close  akin,  there  can  be  no  difficulty  in 
imagining  a  large  number  of  similar  but  greater  differences  in  structure  in  whole  hosts  of  related  forms, 
which  may  at  one  time  have  existed,  and  which  were,  probably,  potent  in  species,  genera,  and  even  sub¬ 
families. 
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The  splint  bones  that  support  the  basis  cranii,  lying  on  a  higher  level,  are  the 
vomer  and  the  “parasphenoid the  former  (fig.  6,  v.)  is  here  seen  to  be  the  common 
keystone  of  this  very  perfect  double  archway  of  the  nasopalatine  passages  (n.p.c.). 
The  keel  of  the  vomer  wedges  itself  in  between  the  ribbed  edges  and  the  two  palatines, 
and  these  complete  the  divisions  of  the  common  nasopalatine  channel ;  its  broad  sides 
then  unite  by  harmony  with  the  orbital  plates  of  the  palatines,  so  that  it  is  conjoined 
with  those  bones  both  in  the  middle  and  also  right  and  left.  These  lateral  flanges  of 
the  vomer  end  as  free  spikes  under  the  presphenoid  ( p.s .),  and  the  middle,  shorter 
part  is  also  split.  But  the  other  bone  just  mentioned — the  “  parasphenoid  ” — is  not 
seen  in  the  embryo  of  G.  volans  (fig.  1),  nor,  indeed,  in  any  other  Mammal  examined 
by  me,  as  yet.4' 

This  small  style  of  bone  lies  under  the  foremost  two-thirds  of  the  basisphenoid  ( h.s .), 
but  is  very  distinct  from  it ;  it  resembles,  at  first  sight,  the  ridge  often  seen  under 
the  basi occipital,  which  is  due  to  the  ossification  of  the  sheath  of  the  notochord  ;  but 
this  tract  is  wholly  pro- chordal.  It  is  the  exact  counterpart  of  the  parasphenoid  of 
the  Lacertilia,  which  disappears  as  mysteriously  in  some  kinds  as  in  G.  volans ;  in 
the  case  of  two  closely  related  Cyclodonts — Cyclodus  nigroluteus  and  Trachydosaurus 
rugosus:  in  the  latter  it  has  been  taken  awTay,  and  in  the  former  it  has  been  left. 
Here  the  Marsupial  condition  of  the  well-developed  jugal  (j.)  is  seen  again  (fig.  6,j.), 
and  a  still  more  extensive  development  of  the  equally  Marsupial  squamosal  ( sq .)  with 
its  thick,  crescentic,  hollow  postglenoid  process,  its  large  pretemporal  part  clamping 
the  alisplrenoid  ( al.s .)  and  its  extensive  swollen  post-temporal  plate.  The  tympanic 
( a.ty .)  is,  here,  most  instructive  as  to  the  interpretation  of  the  thoroughly  ankylosed 
adult  skull  (Plate  39,  figs.  3-8).  This  bone,  now  well-formed,  is  a  remarkable  shallow 
dish  with  a  most  irregular  outline,  and  a  crescentic  convexity  in  its  deepest  part, 
the  convex  outline  of  which  runs  close  to  the  fissure  for  the  exit  of  the  glossopharyngeal 
and  vagus  nerves  (IX.,  X.). 

Where,  as  a  rough  wedge,  it  runs  forwards  and  reaches  the  mesopterygoid,  there  it 
lias  a  considerable  oblique  foramen,  the  Eustachian  opening  ( eu .) ;  this  is  surrounded 
by  cartilage  in  the  embryo  (fig.  1).  Externally  it  is  jammed  in  between  the  post¬ 
glenoid  and  post-temporal  elevation  of  the  squamosal  (sq.,  see  also  Plate  38,  fig.  4, 
a.ty.).  Thus,  since  birth,  it  has  finished  the  bowl  of  the  dish  and  formed  the  deep 
two-lipped  spout — the  bony  meatus  externus. 

In  the  end  view  (Plate  37,  fig.  7)  the  parietals  (p.)  are  seen  with  their  lower 
edge  forming  the  top  of  the  temporal  fossa,  which  half  is  scooped  out  of  the  squamosal 
(sq.).  The  swelling  of  the  post-temporal  part  of  the  latter  bone  (see  also  Plate  38, 

*  I  stall  have  to  describe  a  pair  of  bones  found  in  membrane,  and  added  to  the  basisphenoid,  when 
I  come  to  other  and  higher  kinds  of  Eutheria ;  these  have  long  been  known  in  Man  as  the  “  lingulae 
sphenoidales.”  I  strongly  suspect  that  they  are  the  “  basitemporals  ” — symmetrical  remnants  of  the 
parasphenoid — so  well  seen  in  Birds  and  the  Crocodilia  (Phil.  Trans.,  1869,  Plate  82,  fig.  2,  b.t.;  and 
Trans.  Zool.  Soc.,  vol.  11,  plate  66,  fig.  3,  b.t). 
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fig.  4,  sq.),  close  to  the  large  air  cavities  within,  is  also  well  seen.  The  interparietal 
li.p.)  has  begun  to  develop  the  occipital  crest  so  large  in  the  adult  (Plate  39,  fig.  4). 

Stages  2  and  3  (b  and  c). — Showing  endocranium  and  certain  of  the  investing 
hones  of  Galeopithecus  philippensis. 

These  two  stages  differ  but  little  from  each  other,  and  for  the  advance  of  the  endo¬ 
cranium  may  be  taken  together.  In  the  longitudinally  vertical  section  (Plate  38, 
fig.  7)  the  cranial  cavity,  and  the  nasal  labyrinth  are  equal  in  length  ;  the  former 
overlaps  the  latter  in  front.  The  obliquity  of  the  top  of  the  perpendicular  ethmoid 
(p.e.)  is  such  as  to  make  a  very  obtuse  angle  with  the  top  of  the  general  septum 
(p.e.,  s.n.),  whilst  it  is  almost  in  a  line  with  the  basis  cranii  behind,  just  rising  a 
little  at  the  crista  galli  ( cr.g .).  The  recess  for  the  olfactory  lobe,  lying  on  the 
oblique  cribriform  plate,  is  not  large — very  little  in  advance  of  the  same  in  the 
Marsupials.  Only  about  a  fifth  of  the  general  partition  ( p.e .)  is  ossified  at  present ; 
this  is  a  long  wmy  from  the  presphenoid  ( p.s .)  and  does  not  reach  the  bottom  ;  the 
intertrabecula  itself  is  hardly  touched,  only  its  crest. 

This  is  a  very  long  septum  (p.e.,  s.n.)  for  so  short  a  snout ;  in  most  of  the  Insecti- 
vora  it  is  that  part  wdiich  prolongs  the  septum,  forwards  ;  here,  it  is  the  elongated 
facial  region  itself,  with  but  little  alinasal  addition.  The  deflection  of  the  whole  face 
is  still  evident,  and  the  end  of  the  septum  is  almost  in  a  line  with  the  general  palatal 
tract.  Behind  that  part  the  opening  of  Jacobson’s  organ  (j.o.)  and  the  fore  part  of 
its  cartilaginous  capsule  of  the  near  side  is  shown ;  behind,  where  it  is  cut  across,  the 
vomer  (v.)  is  seen. 

That  long  trough  of  bone  is  half  the  length  of  the  cranio-facial  base,  reaching  from 
the  front  third  of  Jacobson’s  (recurrent)  cartilage  (rc.c.)  to  behind  the  middle  of  the 
presphenoid  (p.s.).  As  it  supports  the  intertrabecular  base  of  the  nasal  partition,  so 
it  is  itself  supported  by  the  bones  of  the  hard  palate  ( p.mx .,  pa.)  at  their  junction 
along  the  mid-line ;  thus  the  nasal  cavities  as  they  pass  towards  this  hinder  opening 
are  kept  distinct. 

Over  the  septum  nasi  (s.n.)  the  nasal  (n.)  is  seen,  and  the  frontal  (f.)  over  the 
ethmoid,  and  over  the  cavity  of  the  skul]  in  front.  At  this  stage  the  roof-bones  are 
thick ;  the  parietal  receives  the  hinder  angle  of  the  frontal  into  a  notch,  laterally, 
and  is  partly  overlapped  by,  and  partly  overlaps,  the  frontal.  The  well-ossified 
anterior  sphenoid  (o.s.,  p.s.)  is  seen  in  this  view,  the  wing  rising  into  a  rounded  angle, 
and  having  the  large  optic  foramen  (II.)  near  its  hind  edge  below ;  the  presphenoidal 
tract  is  rather  thick,  and  is  longer  than  the  bony  plate — basisphenoid  (b.s.) — behind 
it.  The  alisphenoid  (al.s.)  leans  against  the  orbitosphenoid,  and  rises  to  the  same 
height ;  it  overlaps  it  in  front,  and  is  then  only  partially  visible  in  this  view. 

The  short  basisphenoid  (b.s.)  dips  a  little,  but  gets  no  postclinoid  ridge  again,  behind; 
there  is  a  small  tract  of  cartilage  between  all  these  basal  bones  (p.s.,  b.s.,  b.o.).  Under 
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the  basisphenoid  the  parasphenoid  (pa.s.)  is  seen.  Between  the  alisphenoid  and  the 
auditory  capsule  there  is  a  large  semi-oval  space  filled  in  by  the  squamosal  ( sq .), 
which  is  hollow  inside,  the  concavity  being  a  continuation  of  that  formed  by  the 
parietal.  Above  the  hind  corner  of  the  squamosal  and  over  the  upper  and  front 
part  of  the  auditory  capsule  the  parietal  forms  a  thick  and  rough  rudiment  of  the 
“  tentorium  cerebelli.”  Under  that  rafter-like  bar  the  squamosal  (sq.)  shows  a  roughly 
triangular  inner  face,  which  lies  outside  the  arch  of  the  anterior  canal  (a.s.c.),  and 
supports  the  lower  half  of  the  fore  edge  of  the  supraoccipital  ( s.o .) ;  the  re-appearance 
of  the  squamosal  inside  is  due  to  its  great  height,  especially  behind.  The  auditory 
capsule  is  subvertical  in  position,  and  in  this  view  shows  the  great  arch  over  the 
recessus  flocculi,  the  multiperforate  meatus  interims  (VIII.),  with  the  bridge  over 
the  facial  nerve  (VII.)  a  thickening  where  the  posterior  canal  ( p.s.c .)  begins,  and  a 
somewhat  notched  edge  where  the  9th  and  10th  nerves  (IX.,  X.)  emerge.  The  basi- 
occipital  (b.o.)  is  thick  in  front  and  thin  behind  ;  it  is  one-third  longer  than  the  basi¬ 
sphenoid  (b.s.).  By  an  obtuse  angle  it  wedges  in  between  the  capsule  and  the  lateral 
occipital  (e.o.),  which  is  a  broad  and  high  bone,  having  a  large  oblique  hole  for  the 
hypoglossal  nerve  (XII.)  not  well  seen  in  this  aspect,  and  a  small  posterior  condyloid 
foramen  (p.c.f).  The  supraoccipital  (s.o.)  and  interparietal  (i.p.)  now  form  one  large 
shield-shaped  bone,  finishing  the  postero-superior  face  of  the  skull,  and  articulating 
with  the  parietals  and  exoccipitals,  but  kept  apart  from  the  petromastoid  by  the 
large  post-temporal  part  of  the  squamosal. 

In  the  side  view  of  the  smaller  young  of  G.  philippensis  (Plate  38,  fig.  4)  the  snout 
with  its  valvular  opening  (al.n.,  e.n.)  is  seen  in  front,  and  the  top  of  both  the  orbito- 
sphenoid  and  alisphenoid  (o.s.,  al.s.)  laterally,  in  the  fundus  and  back  of  the  orbit. 
Here  it  is  seen  that  the  alisphenoid  reaches  much  higher  than  the  inner  view  (fig.  7) 
would  seem  to  show.  The  occipital  condyle  (oc.c.)  is  seen  in  both  these  views,  and 
some  part  of  the  mastoid  (op.),  the  exoccipital  (e.o.),  aod  the  supraoccipital  (s.o.). 

In  the  basal  aspect  (Plate  37,  fig.  6)  several  important  parts  are  displayed,  not 
covered  by  the  superficial  bones.  In  front,  the  alinasal  region  shows  with  great  dis¬ 
tinctness  the  origin  of  the  recurrent  cartilages  (rc.c.)  ;  the  external  nostrils  (e.n.) 
are  more  terminal,  as  in  Marsupials,  than  in  the  other  kind.  The  presphenoid,  basi¬ 
sphenoid,  and  basioccipital  (p.s.,  b.s.,  b.o.)  are  displayed,  with  the  parasphenoid  (pa.s.) 
under  the  middle  piece ;  the  basisphenoids  and  basioccipitals  are  much  wider  in  this 
space  than  in  the  other.  The  aim  are  not  much  displayed,  and  the  alisphenoid  is 
largely  overlapped  by  the  squamosal.  The  small  mastoid  process  (op.),  with  the  stylo¬ 
mastoid  foramen  and  epihyal  in  front  of  it,  and  the  exoccipital  void  of  any  distinct 
paroccipital  process,  are  also  well  seen.  The  subcircular  foramen  magnum  (fm.)  is 
bordered  by  the  large  projecting  semioval  condyles  (oc.c.),  and,  behind,  the  supra¬ 
occipital  (s.o.)  can  be  seen  finishing  the  great  doorway. 

Part  of  another  lower  view  in  the  larger  young  (fig.  8.)  shows  the  foramen 
ovale  (V3.),  the  channel  for  the  facial  nerve  (VII.),  the  fenestrse — fenestra  ovalis 
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and  fenestra  rotunda  ( fs.o.,fr. ) — in  the  auditory  capsule,  the  outlet  for  the  facial,  glosso¬ 
pharyngeal,  vagus,  and  hypoglossal  nerves  (VII.,  IX.,  X.,  XII.)  ;  a  bristle  shows  the 
opening  from  the  ear-drum  into  the  labyrinth  of  air-cells  in  the  squamosal  (sq.). 

The  end  view  of  the  skull,  younger  specimen  (Plate  37,  fig.  7),  shows  the  well-built 
occipital  arch,  with  its  elements  distinct ;  the  large  foramen  magnum,  the  outstanding 
condyles  (oc.c.),  and  the  mastoid  process  (op.)  all  well  set  in  under  and  within  the 
great  investing  plates. 

There  is  a  remarkable  difference  between  the  hyoid  arch  in  the  lesser  and  larger  of 
these  young  Philippine  specimens  (Plate  38,  figs.  6  and  8). 

In  the  former  (fig.  6)  this  part  is  not  so  well  developed  in  some  respects  as  in  the 
embryo  of  the  larger  species,  for  the  hypohyal  h.hy.  is  not  segmented  off  from  the 
ceratohyal  (c.hy.),  whilst  the  latter  region  is  not  ossified,  but  the  hypohyal  region 
has  an  oval  centre.  The  basal  and  tliyrohyal  regions  have  now  each  a  small  bony 
tract. 

In  the  larger  young  (fig.  8.)  these  parts  are  much  more  advanced,  and  the  hypohyal  is 
segmented  off  from  the  ceratohyal  ;  each  of  these  is  rapidly  ossifying,  and  so  are  the 
basal  piece  and  thyrohyals ;  but  these  are  continuous  in  the  cartilaginous  interspaces. 

Stage  4,  d. — On  the  skull  of  the  adult  Galeopithecus  philippensis. 

This  is  one  of  the  most  remarkable  skulls  to  be  found  in  the  whole  of  the  Eutherian 
division  of  the  Mammalia ;  it  is,  thus,  like  the  skull  of  a  Serpent — a  low  type,  and 
yet  specialized,  in  its  own  way,  to  the  uttermost.  Just  now,  I  am  only  responsible  for 
the  skull ;  the  structure  of  all  the  rest  of  its  organization  must  be  accounted  for  and 
argued  about  by  others  ;  but  I  must  mention  the  size  of  its  brain-cavity  (Plate  39, 
fig.  3),  as  showing  how  small  a  brain  this  creature  has.  The  proportion  that  the 
foramen  magnum  bears  to  the  greatest  intercranial  breadth  will  serve  my  purpose, 
as  I  cannot  go  further  into  that  matter.  In  the  adult  Galeopithecus  philippensis 
and  in  the  sub-adult  Cuscus  maculatus,  that  opening  is  two-fifths  the  greatest  breadth 
of  the  skull  inside  ;  in  Lepilemur  mustelinus  it  is  only  one-third,  and  in  Loris  gracilis , 
and  Pleropus  medius,  only  one-fourth. 

In  the  cranial  characters  that  have  been  already  described  in  the  young  specimens 
and  embryo,  I  have  shown  that  there  are  several  things  that  are  manifestly  Meta- 
therian,  but  these  are  not  the  same  things  as  those  that  show  a  Marsupial  affinity  in 
the  Hedgehog  and  its  allies  ;  they  belong  to  another  set  of  parts. 

I  have  already  spoken  of  the  help  the  young  of  Cuscus  maculatus — one  of  the 
lowest  and  most  generalized  of  the  Eastern  Marsupials — has  been  to  me  in  the  study 
of  the  growing  skull  of  the  Colugo.  I  now  find  that  with  the  adult  skull  ot  that 
species,  and  the  adult  skull  of  a  great  Frugivorous  Bat  (Pteropus  medius)  I  have 
the  two  extremes,  with  the  skull  of  Galeopithecus  half-way  between  them.  Not  but  that 
this  bizarre  type  has  its  own  unique  characters ;  this  might  have  been  expected,  for  it 
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is  left  alone — at  most  with  but  one  companion — the  other  species — and  its  proper 
Family  must  have  suffered  very  largely  from  causes  of  extinction.  This  is  one  of  the 
lightest  and  most  highly  polished  of  all  skulls — quite  Bird  like  in  this  respect,  and  in 
the  thorough  fusion  of  all  its  cranial  elements. 

The  impression  that  rises  first  is  that  it  is  a  foliaceous  skull  (Plate  39,  fig.  4),  as 
unlike  other  more  familiar  skulls,  as  the  Leaf  Insect  is  unlike  normal  Ortkoptera. 
The  temporal  and  nasal  regions  are  about  equal,  the  orbital  one-third  shorter ;  this 
opens  into  the  temporal,  behind.  The  general  convexity  of  the  upper  surface  is  made 
gently  sinuous  by  the  special  convexities  of  the  various  bony  elements  of  which  it  is 
composed;  these  have  just  been  described,  and  will  enable  anyone  to  understand  the 
finished  and  fused  adult  skull,  in  which,  instead  of  sutures  there  are  fine,  and  often 
clear,  depressed  lines.  There  is  a  supraorbital  fossa  on  each  side,  as  in  aquatic  Birds,  as 
though  it  had  a  pair  of  nasal  glands ;  these  end  sharply  behind,  and  lead  to  a  supra¬ 
orbital  foramen,  which  is  further  forward  than  in  Pteropus  and  its  allies.  Over  the 
small  hemispheres,  as  in  Marsupials,  the  frontal  region  is  flat,  in  front,  and  then  rises 
gently  ;  the  whole  brain  cavity  has  its  form  revealed  in  this  way  by  a  definite  con¬ 
vexity,  the  outworks  being  well  marked  off.  The  orbit  has  the  posterior  fifth 
incomplete,  for  the  finely  turned  supraorbital  ridge  ends  in  a  large  uncinate  leaf  of 
bone,  the  postorbital  process  and  the  jugal  has  a  clean  edge,  growing  up  towards  the 
postorbital  process  of  the  frontal ;  the  lachrymal  projects  inward  in  the  preorbital 
region,  and  forms  about  a  fifth  of  the  actual  ridge  of  the  orbit ;  its  canal  is  small.  In 
front  of  the  lachrymal  and  jugal  there  is  the  small,  but  double,  infraorbital  foramen. 
The  ridges  on  this  skull  serve  the  purposes  both  of  beauty  and  of  use  ;  the  hind  edge 
of  the  postorbital  process  curves  forwards  and  then,  at  its  sides,  over  the  swelling 
brain-cavity,  becomes  the  supratemporal  ridge,  which  converges  towards  its  fellow, 
getting  within  a  half  of  the  front  distance,  as  they  meet  on  the  top  of  the  inter¬ 
parietal.  There  the  temporal  fossa  rounds  itself,  and  is  enclosed  by  the  transverse 
occipital  edge  (Plate  39,  fig.  4).  This  large  oval  enclosure,  half  as  long  again  as  the 
orbital  territory,  has  then  below  it  a  low  oblique  wall  which  is  very  strong  behind,  and 
runs  down  over  the  meatus  externus  ;  and,  with  two  rounded  elevations,  one  small  and 
the  other  large,  the  sharp  boundary  line  passes  into  the  hinder  edge  of  the  ascending- 
uncinate  postorbital  process  of  the  jugal  bone.  This  outer  boundary — orbital  and 
temporal — is  greatly  bowed  outwards  in  this  depressed  skull,  in  sharp  contrast  with 
the  same  parts  in  the  neat  narrow  skull  of  Pteropus.  Along  the  middle  of  the 
extensive  temporal  fossa,  for  the  wide  origin  of  the  huge  temporal  muscle,  the 
convexity  of  the  wall  of  the  skull  cavity  is  clearly  seen.  The  side  view  of  the 
temporal  region  in  this  skull  shows  nothing  new  to  the  student  of  the  higher 
Mammalia,  but  the  form  and  condition  of  the  parts  is  both  Marsupial  and  also  unique. 
Only  the  narrow  outer  end  of  the  large  transverse  glenoid  cavity  is  seen  in  this 
aspect  of  the  skull,  but  the  large  postglenoid  process,  the  notch  for  the  deep 
tympanic  trough,  and  the  part  of  the  squamosal  overlying  the  mastoid  process  are  best 
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seen  in  the  side  view.  Then  the  post-temporal  and  mastoid  regions  are  concave,  turn 
obliquely,  and  are  swollen  and  sinuous,  with  the  great  air-cells  within,  which  are  well- 
marked  on  the  outside,  every  cell  marking  its  own  convexity.  The  supraoccipital 
ridges,  vertical  and  transverse,  can  be  seen  in  this  view,  and  the  large  projecting 
occipital  condyle. 

The  end  view  (Plate  39,  fig.  4)  shows  the  gently  hollow  sagittal  region  ( i.p .)  ;  the 
outspread,  foliaceous  postorbitals  (p.o.) ;  the  widely  extended  glenoidal  part  of  the 
squamosals  ( sq .)  ;  the  post-temporal  region  of  the  same  bones,  overlapping  the  mas- 
toids  (op.) ;  the  projections  further  forwards  of  the  postglenoid  ridges,  and  the  free 
fore  legs  of  the  tympanic  ( a.ty .).  The  large  foramen  magnum  is  seen  to  be  somewhat 
elliptical,  with  the  long  axis  transverse ;  over  it  the  supraoccipital  forms  a  low  arch, 
and  on  that  bone,  above,  there  is  a  keel,  derived  first  from  the  interparietal ;  and  from 
the  top  of  the  keel  or  crest  a  transverse  ridge,  right  and  left,  enclosing  the  supra¬ 
occipital  region. 

The  very  large  condyloid  foramina  (XII.)  are  well  seen  inside  the  foramen  magnum, 
in  front  of  the  large  subpedunculate  condyles  ;  then  the  occipital  arch  is  constricted, 
and  the  paroccipital  ridges  are  obsolete,  but  the  mastoid  grows  inwards  over  that 
region,  and  forms  a  thin-edged  floor  to  the  passage  for  the  9th  and  10th  nerves.  The 
general  form  of  the  great  hard  palate  in  the  adult  is  oblongo-elliptical,  and  it  is 
half  the  length  of  the  whole  basal  tract.  The  anterior  palatine  foramina  are  large 
and  oval,  the  posterior  palatine  foramina  are  moderate,  far  back,  and  far  apart,  lying 
in  the  fossa  of  the  palatine  plate  of  the  palatines,  close  to  the  junction  of  these  bones 
with  the  maxillaries. 

The  general  surface  of  the  hard  palate  is  gently  hollow,  margined  by  the  edentulous 
part  of  the  narrow  premaxillaries,  in  front,  by  the  large  sockets  and  teeth  laterally, 
and  by  the  exquisitely  wrought,  thickened  and  ribbed  edge  of  the  narrow  palatines, 
behind.  These  plates  grow  backwards  to  receive  the  crest  of  the  vomer,  and  then 
arching  forwards,  run  round  the  posterior  nares,  curving  in  again  to  form  a  waist  in 
the  open  part,  and  then  ending  in  a  sharp  ridge,  turned  outwards,  which  ends  in  the 
small  unciform  external  pterygoid  process.  Inside  these  alisphenoidal  hooks  there  is 
a  more  delicate  pair  of  hooks,  the  hamular  processes  of  the  pterygoids.  The  hinder 
edge  of  each  pterygoid  is  notched  above  the  hook,  and  then  runs  backwards  and 
outwards  in  a  sharp  ridge,  reaching  the  foramen  ovale.  The  keel  of  the  vomer  ends 
between  the  pterygoids ;  then  the  skull  is  made  carinate  by  the  slender  acicular 
parasphenoid,  is  then  gently  convex  along  the  middle,  and  becomes  subcarinate  in 
front  of  the  foramen  magnum. 

The  transverse  well-margined  glenoid  cavities,  underlapped  behind  by  the  thick 
incurved  postglenoid  process,  might  belong  to  some  stout  Carnivore. 

The  neat  foramen  ovale  lies  between  the  glenoid  facet  and  the  cranial  part  of  the 
pterygoid  ;  behind  and  inside  it  is  the  ragged  opening  of  the  Eustachian  tube,  floored 
by  the  sharp,  rough  fore  lip  of  the  tympanic  bone.  The  keeled  bottom  of  the  deep, 
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folded  meatus  extern  us  wedges  in  between  the  postglenoid  process  and  the  mastoid ; 
the  latter  is  an  oval,  ear-shaped  tract,  subconcave  below,  with  a  limbate  margin,  and 
a  narrower  hole  in  its  inner,  proximal  part ;  that  hole  is  the  stylomastoid  foramen, 
and  a  small  convexity  in  front  of  and  outside  it  is  due  to  the  fusion,  with  the  mastoid, 
ot  a  small  epihyal. 

Behind  and  within  the  ear-shaped  base  of  the  mastoid  process  the  smallish  opening 
for  the  9  th  and  10th  nerves  is  seen.  The  opening  for  the  12tli  nerve,  behind,  and  for 
the  internal  carotid  arteries,  further  forwards,  are  very  large  indeed.  Only  half  of  the 
large  strongly  curved  occipital  condyles  can  be  seen  in  the  lower  aspect  of  the  skull. 

A  section  of  the  skull  of  the  adult  (Plate  39,  fig.  3)  shows  three  convexities  along 
the  dorsal  line  :  the  first  long,  over  the  nasal  labyrinth ;  the  next  somewhat  shorter, 
over  the  front  parietal  region  ;  and  the  third  short,  over  the  ear-capsules  and  hind  brain. 
The  great  septum  (p.e.)  is  ossified  over  all  the  proper  ethmoidal  territory  and  most  of 
the  proper  septal ;  this  latter  is  elongated  in  front  by  the  partition  of  the  snout  (s.n., 
al.n.),  which  hooks,  downwards,  in  front.  From  it  the  recurrent  or  Jacobson’s  cartilage 
(rc.c.)  proceeds,  scarcely  lessened  in  relative  size  since  birth  (Plate  39,  fig.  1,  rc.c.). 
The  ridge  of  the  perpendicular  ethmoid  ( p.e .),  behind  and  above,  forms  a  very  obtuse 
angle  with  its  top  in  front,  and  a  very  acute  angle  with  the  axis  of  the  skull,  behind 
and  below,  thus  the  cribriform  plate  lies  well  down  in  front  of  the  proper  cranial  cavity. 
The  septum  bulges  downwards  in  the  true  olfactory  region,  and  rises  again  where 
the  perpendicular  ethmoid  passes  into  the  presphenoid  (p.e.,  p.s.) ;  inside  that  part 
the  optic  foramen  (ii.)  and  sphenoidal  fissure  (Vl,s.)  can  just  be  seen.  The  nasals  and 
frontals  form  the  wall-plate  of  the  great  partition;  below,  the  vomer  (v.)  has  become 
fused  with  the  palatine  plates  (p.mx.,  pa.)  dividing  the  nasal  channels,  below.  Under¬ 
neath,  the  right  channel  can  just  be  seen,  and  further  back  the  palato-pterygoid  side 
wall  (pa.,  pg.),  and  the  lip  of  the  tympanic  (a.ty.)  under  the  Eustachian  opening.  The 
basis  cranii  (b.s.,  b.o.)  is  thin  and  sinuous,  thickest  behind,  where  it  dips  and  forms  the 
free  fore  margin  of  the  foramen  magnum.  But  little  sellar  depression  exists  inside 
the  foramen  ovale  (V3.).  Above,  the  frontal  and  parietal  (f,  p.)  form  a  thinner  roof 
than  in  the  young  (Plate  38,  fig.  7)  ;  there  is  a  rudiment  of  the  tentorium  cerebelli 
growing  from  the  inner  face  of  the  parietal,  and  from  the  fore  edge  of  the  auditory 
capsule.  The  arch  of  the  anterior  canal  (a.s.c.)  is  well  marked,  the  prootic  bone  is 
crested,  roughly,  above  it  ;  below,  is  the  deep  floccular  recess  (fi.r.),  and  below  that 
the  multiperforate  meatus  internus  (VIII.),  and  the  bridge  over  the  facial  nerve  (VII.). 
The  large  openings  for  the  9th  and  10th  (IX.,  X.)  and  the  12th  nerves  (XII.)  are  also 
seen  in  this  aspect.  Above,  the  vertical  and  transverse  ridges  of  the  supraoccipital 
(s.o.)  are  seen  projecting  beyond  the  line  of  section,  which  was  on  the  left  of  the 
middle. 

In  front  of  the  auditory  capsule  the  septa  between  the  large  air-cells  shine  through 
the  inner  table  of  the  squamosal  (sq.). 

In  the  front  view  (Plate  39,  fig.  5)  the  huge  foremost  coil  of  the  middle  turbinal 
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(m.tb.)  is  seen  thrusting  itself  forward  over  the  feeble  inferior,  and  under  the  small 
nasal,  turbinals  ( i.tb .,  n.tb.) ;  here  the  cartilaginous  part  of  the  partition  has  been 
removed,  and  the  front  of  the  bony  part  (s.n.)  is  towards  the  eye  ;  it  is  hollow  below 
where  it  has  not  ossified,  and  rests  upon  the  grooved  vomer  (v. )  in  front  of  the  palatine 
processes  of  the  premaxillaries  ( px .).  A  vertical  slice  of  the  skull  in  the  region  of 
the  meatus  (Plate  39,  fig.  6,  a.ty.,  m.a.e.),  and  through  the  glenoid  cavity  ( gl.c .),  shows 
the  large  air-cells  of  the  squamosal  (sq.)  and  their  somewhat  radiating  arrangement. 

In  a  part  of  the  hind  skull  cut  across  horizontally  (fig.  8)  the  air-cells  of  the 
squamosal  and  mastoid  ( sq.,op .)  are  shown  :  where  these  two  bony  parts  have  coalesced 
behind,  there  the  cells  are  very  regular  and  their  septa  for  some  extent  radially 
arranged.  In  this  figure  the  parasphenoid  ( pa.s .),  pterygoid  (pg.),  external  pterygoid 
process  (e.pg.),  and  glenoid  cavity  (gl.c.)  are  shown.  The  tympanic  lip,  under  the 
Eustachian  tube  (eu.),  is  not  injured,  but  the  dish  itself  is  largely  cut  away  and  the  small 
tympanic  cavity  ( c.ty .)  exposed,  inside  and  above  which  is  the  small  melon-like  cochlea 
(chi. )  and  the  fenestrge  (fs.o.,fr.),  and  also  the  opening  for  the  9th,  10th,  and  12th 
nerves  (IX.,  X.,  XII.)  ;  the  latter  are  veiy  large,  but  are  only  seen  obliquely  in  front 
of  the  occipital  condyle  (oc.c.). 

The  lower  jaw  of  this  beast  might  belong  to  some  generalized  Herbivorous 
Ungulate ;  it  is  indeed  almost  a  miniature  of  that  of  the  Hippopotamus.  To  say 
nothing  of  its  unique  pectinated  front  teeth,  the  general  shape  is  very  remarkable, 
with  its  depressed  mentum,  oblong  ramus,  short  uncinate  coronoid  process,  transverse, 
sessile  condyloid,  and  deep  out-turned  angular,  process,  the  edge  of  which  is  thickened 
inwards  ;  its  whole  shape  is  half  a  circle. 

The  malleus  (Plate  39,  fig.  7,  ml.)  has  lost  all  its  processus  gracilis  (p.gr.),  except 
one  or  two  sharp  prickles ;  the  manubrium  (mb.)  is  strong,  curved,  dilated  at  its  end, 
and  sinuous  outside.  The  incus  (i.),  like  that  of  the  Ruminants,  has  a  heavy,  solid 
body,  with  short  processes  (s.c.i.,  l.c.i.,) ;  the  stapes  (st.)  is  somewhat  inflated  and 
hollow  behind,  and  at  its  base  oval ;  there  is  a  minute  interhyal  bone  in  the  tendon  of 
the  stapedius  muscle  (i.hy.,  st.m.). 

The  hyoid  bone  (Plate  38,  figs.  9  and  10)  shows  a  hypohyal  as  large  as  the  cerato- 
hyal  (h.hy.,  c.hy.).  The  basal  bar  (b.li.br.)  is  concave  in  front,  and  has  a  right  and  left 
tubercle  behind  ;  the  thyrohyals  (t.hy.)  are  large,  uncinate,  and  separate,  as  bony  tracts, 
from  the  base ;  all  these  bones  are  flat  and  splintery. 

On  the  skull  of  the  adult  Tupaia  Javanica. 

This  is  another  very  isolated  form  of  the  Insectivora  ;  I  can  only  mention  here 
certain  peculiarities  of  the  structure  to  be  seen  in  the  adult  skull,  hoping  at  some 
future  time  to  be  able  to  describe  its  development. 

The  Tupaia  is  another  instance  to  be  added  to  Rhynchocyon  and  Galeopitlnecus ,  in 
which  a  clear  prophecy  of  higher  signs  of  development  is  combined  with  characters 
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most  unmistakably  Marsupial ;  the  sudden  ascent,  so  to  speak,  above  the  general  level 
in  these  types  has  been  partial,  and  combined  with  a  failure  to  free  themselves 
from  low  and  archaic  characters  derived  from  an  ancestry  belonging  to  an  inferior 
grade. 

As  to  the  relative  size  of  the  brain  this  is  evidently  one  of  the  highest  of  the 
Insectivora ;  it  may  be  said  in  this  to  approximate  at  once  to  the  Lemurs  and 
the  lower  Carnivora.  To  the  Lemurs  it  is  comparable  also  in  possessing  a  large  and 
well  developed  orbital  ring,  rare  in  low  forms,  keeping  its  own  special  character 
in  having  a  huge  oval  fenestra  in  the  jugal  arch,  where  the  squamosal  overlaps  the 
jugal  bone. 

The  hard  palate  is  less  complete  than  in  Galeopithecus,  but  more  perfect  than 
is  normal  for  an  Insectivore.  The  external  pterygoid  approaches  that  of  the  adult 
Petrodroinus,  where  there  is  a  large  oblique  lamina  of  bone  outside  the  proper  ptery¬ 
goid.  But  in  the  embryo  of  the  closely  allied  Rhynchocyon,  at  this  part  there  is 
manifestly  a  shell-like  tympanic  wing  to  the  alisphenoid,  as  in  Marsupials.  Here  in 
Tupaia  there  is  a  hole  through  the  root  of  the  external  pterygoid  process ;  this  is 
evidently  the  counterpart  of  the  alisphenoidal  canal  of  certain  Insectivora,  Carni¬ 
vora,  &c.  ;  in  size,  that  process  equals  what  we  have  in  Marsupials.  The  supra¬ 
orbital  foramen  is  very  large,  and  is  further  forwards  than  in  Galeopithecus ;  in  Pteropus 
it  is  still  further  back. 

But  the  annulus  tympanicus  and  os  bullm  are  not  only  well  developed,  they  are 
also  the  almost  perfect  counterparts  of  what  we  find  in  the  lesser  Australian  Marsupials, 
especially  Petaurus  sciureus ;  the  greater  degree  of  anchylosis,  which  has  completely 
fused  these  two  elements  of  the  ear-drum,  is  the  only  difference  I  can  find  in  the  two 
types.  The  lower  jaw  is  a  good  intermedium  between  that  of  a  Marsupial  and  that 
of  a  normal  Eutherian. 


Summary  and  Conclusion. 

Although  this  paper  is  confessedly  only  a  fraction  of  what  is  necessary  to  be  done 
in  this  polymorphic  Order,  it  at  least  shows  how  difficult  a  group  it  is  to  handle. 

For  the  Insectivora  are  set  in  the  midst  of  the  other  Mammalia — low  and  high  ; 
they  might  be  called  the  Biological  stepping-stones  from  the  Metatheria  to  the 
Eutheria. 

One  thing  can  be  done,  even  now,  with  the  present  fragmentary  knowledge  of  the 
structure  and  development  of  the  Insectivorous  types — we  can  assure  ourselves  that 
these  types  are  immediately  above  the  Marsupials ;  that  they  have  the  Bats 
(Chiroptera)  obliquely  above  them ;  that  their  nearest  relations  must  be  sought  for 
amongst  extinct  Eocene  forms ;  and  that  lowly  as  they  are — arrested  and  often 
dwarfed  to  the  uttermost,  so  that  Nature  could  not  safely  go  further  in  that  direction, 
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they  are,  one  and  all,  rich  in  prophetic  characters  that  have  come  to  perfection  in 
larger  and  nobler  types. 

I  think  it  will  not  be  denied  that,  in  the  ascent  of  the  types,  the  Chiroptera  are 
above  the  Insectivora,  and  as  it  were  a  sort  of  special  “new  leader”  from  that 
stock,  and  that  the  Insectivora  are  more  or  less  transformed  modifications  of  what  is 
characteristic  of  the  Marsupials. 

I  suspect  that  the  existing  Insectivores  just  yield  the  Zoologist  one  of  his  groups 
of  types  classed  together  because  he  knows  not  what  else  to  do  with  them  ;  not  forming 
a  proper,  clear,  special  branch,  or  “leader  ”  of  the  Mammalian  life-tree.  They  form  one 
group,  under  one  designation,  just  as  the  poor  of  this  Metropolis  form  a  group  ;  their 
brand  is  simply  lowliness  ;  they  differ,  inter  se,  almost  as  much  as  the  whole  remainder 
above  them  differ.  The  higher  forms,  however,  because  of  their  elevation  can  afford  to 
be  subdivided  again  and  again,  into  Order  after  Order. 

If  we  could  descend  and  see  the  transforming  and  newly-transformed  Placentalia  of 
the  Eocene  epoch,  then  the  Morphologist  and  the  Zoologist  would  find  common  ground  ; 
the  Taxonomy  of  the  latter,  however,  would  be  as  useless  as  the  titles  and  distinctions 
of  modern  society  to  some  undeveloped  race  of  savage  men. 

The  evidently  extreme  specialization  of  the  existing  Monotremes  or  Prototheria,  and 
their  manifest  close  relationship  to  the  Edentates — a  strange,  lowly  group  of  Eutherians, 
almost  extinct  in  the  Old  World,  and  not  potent  in  genera  and  species  in  the  New— 
makes  it  necessary  for  me,  in  the  present  stage  of  my  research,  to  leave  them  until  I 
have  mastered  both  them  and  the  great  Marsupial  sub-class.  Of  the  latter,  however, 
I  can  speak  already  ;  and  as  no  interpretation  of  the  meaning  of  the  parts  seen  in  a 
Eutherian  skull  can  be  made  until  they  are  read  in  the  light  of  the  structure  of  the 
quasi-reptilian  skull  of  a  Marsupial,  I  shall  in  this  summary  compare  the  two  types 
together,  using  the  lower  and  older  as  a  measure  of  the  higher  and  newer  type  of 
skull. 

Anatomists  are  familiar  with  the  characters  of  the  skull  in  adult  Marsupials  ;  to 
these  may  be  added  others  that  have  turned  up  to  me  in  the  study  of  the 
development  of  that  type.  When  these  are  seen  in  the  light  of  the  types  outside 
and  below  the  Mammalia,  then  that  which  is  typical  in  a  high  Mammal,  as  such,  can 
be  formulated,  and  the  specialization  of  this  great  branch  of  the  Vertebrate  stock  be 
understood. 

I  will  therefore,  here,  give  a  list  of  the  more  important  and  striking  cranial 
characters  of  the  Marsupials,  promising  to  bring  forward,  as  early  as  possible,  the 
figures  and  descriptions  of  the  skull  in  various  stages  and  in  many  kinds. 

But  before  making  this  comparison  of  the  characters  of  the  skull  in  the  Marsupials 
with  what  is  seen  in  the  Insectivora,  I  will  state  that  in  the  latter — a  mere  “  Order” — 
the  diversity  is  four-fold  that  to  be  found  in  the  Marsupials,  which  are  worthy  to  be 
put,  not  as  a  mere  Order,  but  as  a  “  Sub-Class.” 
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For  in  these,  whether  they  be  Eastern  or  Western  types,  the  uniformity  on  the 
whole  is  very  remarkable — as  remarkable  as  the  diversity  seen  in  the  Insectivora. 

The  problem  put  to  the  Morphologist,  however,  is  to  explain  why  the  characters 
that  distinguish  a  Marsupial  from  a  high  or  Eutherian  Mammal  are,  for  the  most 
part,  characters  which  the  former  possess  in  common  with  the  Sauropsida :  the  residuum 
of  proper,  unique  Metatherian  characters,  neither  to  be  found  in  the  higher  Mammals 
on  one  hand,  or  in  the  Sauropsida  on  the  other,  is  but  small. 

Another  crucial  difficulty  is  this,  namely,  the  Sauropsida,  which  of  all  others  help 
us  most  in  the  interpretation  of  the  Marsupial  skull,  are  not  those  to  be  found  in  low 
Reptilian,  but  in  the  highest  Avian,  types. 

Of  all  Birds  the  Passerinse  are  the  noblest  and  most  marvellously  specialized  for 
their  own  peculiar  mode  of  life,  having  many  accomplishments  and  high  intelligence. 

Yet  it  is  from  this  Order  of  Birds  that  I  have  had  most  help  in  this  matter,  finding 
in  their  skull  special  structures  which  closely  correspond  with  what  is  most  remarkable 
in  that  of  the  Marsupials. 

There  are  several  characters  in  the  superficial  or  investing  elements  of  the  skull  of 
Marsupials  that  are  unlike  what  we  find  in  the  highest  forms  of  placental  Mammalia, 
but  which  linger  in  the  lower  : — 

{a.)  The  frontals  are  very  small  in  proportion  to  the  parietals,  and  the  squamosals 
are  relatively,  especially  in  the  young,  inordinately  large,  as  large  as  the  frontals. 

( b .)  The  lachrymals  are  not  only  large  and  have  generally  a  facial  plate,  but  they 
have,  as  a  rule,  two  canals. 

(c.)  The  palatine  plates  of  the  maxillaries  and  palatine  bones  form  an  extremely 
hollow  or  dome-like  structure,  and  by  the  time  the  creature  is  full-grown  much  of 
their  substance  has  been  absorbed,  so  as  to  leave  larger  or  smaller  fenestrae  ;  thus  there 
is  an  attempt  to  return  to  the  schizognathous  condition  of  those  parts  seen  in  many 
Sauropsida. 

(cl.)  The  palatines  are  often  formed  of  several  pieces,  very  irregular  patches  of  bone, 
and  their  irregular  centres  are  largely  absorbed  or  united  with  the  main  parts  in  the 
adult. 

(<?.)  The  pterygoids  are  very  small,  and  their  basicranial  part  limited,  on  account  of 
the  constant  separate  development  of  a  large  mesopterygoid. 

(f.)  The  main  vomer  is  often  relatively  small ;  there  is,  nearly  always,  a  pair  of 
antero-lateral  vomers,  protecting  the  cartilaginous  capsule  of  Jacobson’s  organs,  and 
large  postero-lateral,  and  other,  or  postero-medial  vomers  ;  these  are  very  irregular  and 
unsymmetrical  in  the  young  Cuscus,  especially,  in  which  I  find  ten  vomerine  bones. 

(g.)  The  floor  of  the  tympanic  cavity  ossifies  before  the  cartilage  is  ripe,  but  in  two 
subequal  centres — the  annulus  and  “  os  bullae  ” —  inside  the  latter  a  larger  folded 
cartilage  protects  the  Eustachian  tube,  and  outside  the  former  the  meatus  externus  is 
protected  by  a  more  or  less  segmented  tube  of  cartilage,  which  ends  outside  in  the 
continuous  concha  auris. 
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(h.)  The  jugal  (or  malar)  bone  is  large,  and  reaches  back  so  as  to  lie  over  the 
cartilage  of  the  glenoid  cavity,  thus  helping  to  form  the  joint. 

(i.)  The  angular  part  of  the  lower  jaw  is  greatly  incurved,  forming  a  remarkable 
hollow  inside. 

In  the  endocranium  there  are  some  very  curious  structures,  that  differ  from  what 
we  find  in  the  high  forms  of  Mammalia,  but  which  mostly  agree  with  what  is  seen  in 
the  Sauropsida  : — 

(a.)  The  nostrils  are  sub-terminal  and  give  off  large  tongue-shaped  cartilages  to 
protect  Jacobson’s  organs. 

(b.)  The  whole  nasal  labyrinth  is  small,  especially  in  the  young,  not  more  than 
half  as  large  as  in  an  average  Placental  Mammal,  and  the  cribriform  plate  is  less 
depressed  in  front,  and  very  limited  in  size,  and  is  square  in  form. 

(c.)  The  orbitosplienoids  do  not  form  the  presphenoid  by  meeting  together  below, 
but  the  presphenoid  is  as  independent  as  the  basisphenoid. 

(d.)  There  is  no  special  optic  foramen  in  the  orbitosphenoid,  but  the  optic  nerve 
passes  through  the  common  sphenoidal  fissure  with  the  orbital  nerves,  and  the  1st 
branch  of  the  5th ;  the  2nd  branch,  like  the  3rd,  has  its  own  foramen  rotundum,  as  in 
Man,  and  many  other  Eutheria. 

(e.)  The  next  character  is  one  of  the  most  important  :  it  is  this,  namely,  that  the 
orbitosphenoids  are  flush  with  the  alisplienoids.  The  latter,  which  are  extremely 
large,  ossify  a  tract  of  the  general  cartilaginous  side- wall  of  the  embryonic  skull — 
the  highly  developed  “  chondrocranium,” — and  not  a  free  flap  of  cartilage,  merely 
continuous  with  the  basal  bar,  as  in  the  Eutheria.  For  in  these  latter  the  more 
bulky  brain  pushes  out  the  lower  part  of  the  side-wall  of  the  skull,  leaving  for  some 
time  a  band  of  cartilage,  which  runs  free  from  the  alisphenoid,  passing  on  from  the 
orbitosphenoid  up  to  the  supraoccipital.  In  front,  the  orbitosphenoid  is  confluent 
with  the  ethmoid,  so  that  but  for  the  breach  in  the  wall,  made  by  the  alisphenoid, 
there  would  be,  even  in  Placental  Mammals,  a  chondrocranium  very  similar  to  that 
of  the  skull.  This  breach  does  not  take  place  anywhere  among  the  Vertebrate  types 
until  we  get  above  the  Marsupials.  The  other  character  just  mentioned,  namely,  the 
absence  of  a  special  optic  foramen,  is  of  similar  import ;  there  never  is  such  a  foramen 
until  we  are  among  the  Placental  Mammalia. 

( f )  The  alisphenoid  helps  to  form  the  drum-cavity  by  developing  behind  its  small 
external  pterygoid  process  a  shell-like  growth,  similar  to  the  “anterior  tympanic 
recess”  of  Carinate  Birds.  Thus,  as  the  squamosal  is  a  labyrinth  of  air-cavities, 
opening  into  the  upper  part  of  the  drum-cavity,  these  and  the  tympanic  recess  in  the 
alisphenoid  greatly  enlarge  the  space  for  air.  Indeed,  not  only  those  parts,  but  the 
mastoid  region  of  the  auditory  capsule,  and  the  sides  and  top  of  the  occipital  arch,  all 
became  pneumatic — as  in  Crocodiles  and  Birds. 

(g.)  The  internal  carotid  arteries  pierce  the  basisphenoid  submesially — that  part  of 
the  basis  cranii  is  not  perforated  in  the  Eutheria, — and  the  clinoid  processes  and  the 
concavity  for  the  pituitary  body  are  but  little  developed. 
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(A.)  The  limited,  suberect,  and  flatfish  cribriform  plates,  and  the  small  frontals  are 
the  necessary  correlates  of  a  small  brain-cavity  and  brain.  The  occipital  plane  corre¬ 
sponds  with  those  parts,  being  suberect :  it  forms  but  little  more  than  a  right  angle 
with  the  general  basicranial  axis. 

(i.)  In  the  Marsupials,  as  well  as  in  the  Monotremes,  we  see  the  “  ossicula  auditus  ” 
in  making ,  so  to  speak.  In  all  the  three  subdivisions  of  this  class — Monotremes  or 
Prototheria,  Marsupials  or  Metatheria,  and  Placentals  or  Eutheria — the  lower  jaw  is 
broken  up,  the  larger  front  part  becoming  the  persistent  mandible,  and  the  shorter 
hind  part  the  malleus,  whilst  the  starved  and  modified  quadrate  becomes  the  incus. 

For  a  long  while  in  the  growing  Marsupial  the  malleus  is  manifestly  a  compound 
bone;  it  is  an  “ articulare ”  with  an  internal  and  a  posterior  angular  process,  as  hi 
the  Fowl.  On  it  the  “  angular e  ”  can  be  seen,  and  sometimes,  as  in  the  half-grown 
Koala  ( Phascolarctos ),  a  “  supra-angular  ”  too. 

The  working  mandible  attached  to  a  new  pier  on  the  jugal  and  squamosal  is  com¬ 
posed  of  a  sort  of  morphological  mixture  of  a  large  inferior  labial  cartilage,  a  dentary 
bone,  with  coronoid  and  splenial  regions,  and  the  greater  part  of  Meckel’s  cartilage 
— the  true  primary  ramus. 

(j.)  The  topmost  segment  of  the  next  arch  (pharyngohyal)  is  often  a  “columella/’ 
and  not  a  stapes.  In  the  early  young  and  embryo  of  the  Marsupials  it  is  V-shaped, 
its  greater  front  fork  enlarging  above  and  forming  the  inverted  base  of  the  columella 
or  stapes,  and  the  lesser  hind  fork  becoming,  after  a  time,  detached  and  then  ossified, 
and  forming  the  interhyal. 

In  Fishes,  the  uppermost  element  of  a  branchial  arch  (and  the  hyoid  is  a  branchial 
arch)  often  forks  ;  in  the  Sturgeon  these  become  two  separate  pieces,  as  in  this 
particular  case  of  the  embryo  Marsupial.  There  is  not  much  to  remark  upon  in  the 
rest  of  the  hyoid  arch,  the  functional  suspensory  part. 

For  comparison  with  the  Insectivora  the  existing  Marsupials  do  not  yield  me  all 
the  archaic  characters  I  want. 

For  the  existing  low  Eutheria  are,  of  course,  the  descendants  of  Metatheria  that 
were  much  more  generalized  and  archaic  than  any  now  existing ;  these  latter,  during 
the  whole  Tertiary  period,  must  have  undergone,  on  their  own  low  platform,  many 
adaptive  changes  that  would  make  them  look  very  strange  beside  the  Marsupials  of 
the  Secondary  epoch,  if  these  latter  could  be  restored  for  comparison. 

The  best  type  of  Insectivore  for  general  comparison  is  the  Hedgehog  (Erinaceus 
europceus ),  as  it  shows  the  least  suppression  of  parts,  and  the  best  development  of 
that  which  is  diagnostic,  so  to  speak,  of  the  Order. 

In  it  the  greater  investing  bones  of  the  skull  are  similar  to  those  of  the  Marsupial, 
but  the  nasals  and  squamosals  are  smaller,  and  the  frontals  are  larger.  In  the  hard 
palate  there  is  a  considerable  relapse,  as  in  Marsupials,  certain  tracts  of  bone  being 
absorbed,  but  it  has  no  mesopterygoids,  and  only  five  vomers ;  yet  the  ant ero -lateral 
pairs  are  well  developed. 
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Moreover  the  tympanic  region  has  only  one  “  annulus/’  the  outer  bone.  There  is  no 
separate  “  os  bullae.”  Instead  of  the  latter  there  is  a  crescentic  shell  of  bone  which 
grows  from  the  basisphenoid,  greatly  increasing  the  size  of  the  tympanic  cavity.  In 
the  endoskeleton,  in  front  of  the  tympanic  cavity,  there  is  a  remarkable  ridge  of  bone 
growing  outwards  from  the  alisphenoid.  That  ridge  is  the  remnant  of  the  alisphenoidal 
tympanic  wing  of  the  Marsupial,  and  a  shell  of  bone  growing  from  the  basisphenoid  is 
the  same  morphological  element  as  the  separate  “  os  bullae,”  but  it  has  lost  its  in¬ 
dependence.  The  higher  Mammalian  type  is  fully  reached  in  the  thorough  freedom 
of  the  alisphenoid  from  the  general  cranial  wall.  This  character,  indeed,  is  intensified 
into  the  special  diagnostic  of  an  Insectivore,  for  it  lies  almost  wholly  outside  the 
orbitosphenoid.  Here  the  sphenoidal  fissure — which  in  this  case  lets  out  the  1st  and 
2nd  branches  of  the  5th,  but  not  the  optic,  nerve,  that  nerve  having  its  own  foramen  in 
the  orbitosphenoid, — is  not  a  mere  gap,  but  a  side  passage,  a  sort  of  sphenoidal 
corridor,  right  and  left. 

In  these  things  the  Hedgehog  is  higher  than  the  Marsupials,  but  in  some  others  it 
is  lower,  or  more  archaic.  These  latter  characters,  which  suggest  an  uprise  from  a 
more  generalized  type  than  the  existing  Metatheria,  are — -first,  the  development  of  a 
considerable  rod  of  solid  hyaline  cartilage  in  the  pterygoid  region,  a  remnant  of  the 
pterygo-quadrate  of  the  Ichthyopsida  ;  and  secondly,  the  presence  of  a  persistent 
pituitary  hole,  which  is  connected  with  a  curiously  specialized  structure,  only  seen  in 
typical  Insectivores,  namely,  a  hollowing  out  of  the  basis  cranii  beneath  the  pituitary 
region. 

A  third  archaic  character,  not  seen  in  the  existing  Marsupials,  is  the  huge  relative 
size,  long  persistence,  and  separate  distal  ossification  of  Meckel’s  cartilage,  so  that  in 
the  embryo  Hedgehog,  and  even  in  the  Nestling,  the  primary  lower  jaw  is  as  large  as 
in  Fishes,  generally,  scarcely  excepting  the  Selachians. 

The  ossicula  auditus  are  typically  Entherian  ;  we  have  lost  the  imperforate  stapes  or 
columella,  the  interhyal  is  very  small  or  absent,  and  the  malleus  and  incus  are 
much  like  what  we  find  in  the  higher  Mammals  generally.  The  pneumatic! ty  of  the 
skull  is  much  reduced  ;  and  the  olfactory  region  is  almost  double  the  relative  size  of  that 
of  a  Marsupial.  In  the  head  of  another  family  of  the  Insectivores,  namely,  the  Mole 
( Talpa  europcea ),  there  is  much  that  is  in  accord  with  what  is  found  in  its  distant 
relation,  the  Hedgehog,  but  in  it  there  are  evident  signs  of  degradation,  or  of  relapse 
into  what  is  Marsupial  in  character. 

The  nasal  labyrinth  is  relatively  immense,  and  the  skull  walls  below,  laterally,  and 
behind,  are  as  exquisitely  pneumatic  as  in  the  Flying  Marsupial  ( Petaurus ),  the  Bird, 
or  the  Crocodile.  The  swmllen  basis  cranii,  all  air  galleries  within,  is  so  excavated  that 
the  hinder  sphenoid,  both  base  and  wings,  largely  helps  the  flat  single  tympanic  to 
form  the  drum-cavity. 

The  pituitary  hole  does  not  exist,  but  there  is  a  considerable  pterygoid  cartilage  ; 
the  ossicula,  in  the  adult,  are  normal,  but  a  curious  special  character  is  seen  during 
ossification.  In  the  young  the  bone  grows  along  the  sheath  of  the  stapedial  artery, 
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which  for  a  time  holds  the  stapes  in  its  place  ;  it  is,  however,  absorbed  afterwards,  but 
remains  in  the  related  genus  Myogale.  In  nearly  half-grown  young  Moles  the  malleus 
is  quite  like  that  of  the  Marsupials,  and  it  is  an  evident  articulare,  with  copious  wild 
growths  of  bone,  sub-distinct  and  answering  to  the  “  angulare  ”  and  “  supra-angulare  ” 
of  a  Reptile  or  Bird.  This  malleus  in  its  articular  part  has  two  endosteal  and  one 
ectosteal  bony  centres.  Meckel’s  cartilage,  long  continuous  with  the  malleus,  is 
nearly  as  massive  as  in  the  Hedgehog,  and  has  a  more  distinct  separate  ossification  in 
its  subdistal  part— a  long  independent,  but  temporary  hypobranchial  bone. 

The  Mole  shows  a  most  remarkable  development  of  the  endocranium,  which,  twenty 
years  ago,  suggested  to  me  that  its  skull  retained  unmistakable  Monotrematous 
characters.  In  the  large  young  of  the  Echidna  and  Ornithorhynchus  the  solidity  of 
the  chondrocranium  is  immense— like  that  of  a  C'himceroid  Selachian — and  the  investing 
bones  are  thin  and  splintery.  I  have  not  made  out  the  mode  of  ossification  of  the 
inner  skull  in  those  types,  but  in  spirit,  if  not  in  the  letter  the  Mole  agrees  with  them, 
that  is  in  the  great  development  and  independence  of  the  inner  skull.  The  “opisthotic” 
bones  ossify  the  normal  petromastoid  region,  whilst  the  “  prootic  ”  bony  centre 
begins  in  its  right  place  on  the  front  edge  of  the  cartilaginous  capsule  and  then  runs 
away  from  it  into  the  wall  of  the  skull ;  thus  there  is  a  large  bony  tract  in  the 
temporal  region,  between  the  small  squamosal  and  the  large  interparietal,  which  is  not 
one  of  the  ordinary  outer  cranial  bones,  but  an  enclocranial  bony  tract,  overshadowing 
and  yet  imitating  the  true  temporal  bone  or  squamosal.  This  bone  is  represented  by 
three  separate  centres  in  Osseous  Fishes,  namely,  the  prootic,  pterotic,  and  sphenotic, 
whilst  their  true  auditory  region  is  ossified  by  the  epiotic  and  opisthotic  ;  the  epiotic 
is  only  subdistinct  in  the  Mole. 

If  I  am  asked  wdry  I  dive  so  far  down  for  my  illustrations  instead  of  being  satisfied 
with  wdiat  Reptiles  and  Birds  would  show  me,  my  answer  is  that  those  are  often  of 
no  use  for  comparison,  for  they  are  as  thoroughly  specialized  for  their  own  mode  of  life 
as  the  Mammalia,  generally,  and  are  as  completely,  and  often  more  completely,  trans¬ 
formed  from  the  original  archaic  type  or  types. 

Thus  the  Mole,  like  most  of  the  Edentata  lately  described  by  me,  suggests  as  the 
root-stock  of  the  Eutheria,  generally,  not  Marsupials  (Metatheria)  as  we  know  them, 
but  Prototherian  forms,  in  which,  in  ages  long  past,  the  existing  Monotremes  and 
Marsupials  had  a  common  origin. 

The  Shrew  ( Sorex  vulgaris )  represents  another  family  of  the  Insectivores,  the 
Soricidm.  It  combines  the  characters  of  the  Mole  and  Hedgehog  with  peculiarities 
of  its  own  that  are  manifestly  due  to  dwarfing  ;  many  things  are  suppressed,  as  if 
there  was  not  room  in  so  small  a  skull  for  their  development.  The  pituitary  hole 
re-appears,  and  the  pterygoid  cartilage — but  the  tympanic  wing  of  the  alisphenoid 
and  of  the  basisphenoid  are  gone ;  the  malleus  does  not  show  itself  so  unmistakably 
Marsupial,  and  Meckel’s  cartilage  is  slenderer.  The  sheathing  alisphenoids  are  wrell 
seen  ;  the  squamosal  is  small,  low  down,  and  devoid  of  a  jugal  process  ;  the  jugal  bone 
is  suppressed. 
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So  much  for  the  British  representatives  of  three  families  of  the  Insectivora — the 
Erinaceidse,  Talpidse,  and  Soricidse. 

The  Mascarene  Insectivora  are  all  so  evidently  related  as  to  suggest  at  once  a 
common  origin  ;  these  are  the  Centetidse,  the  largest  of  which  is  the  Tenrec  ( Centetes 
ecaudatus ) ;  the  other  genera  treated  of  in  this  paper  are  Ericulus ,  Hemicentetes,  and 
Microgale. 

These  are  almost  typical  Insectivora,  but  they  agree  with  the  Shrews  in  having  the 
jugal  bone  suppressed  ;  they  are  also  more  Marsupial  than  our  native  kinds. 

In  these  types  the  normal  characters  of  the  skull  of  an  Insectivore  are  combined 
with  a  remarkably  Marsupial  tympanic  wing  to  the  alisphenoid,  but  the  os  bulke  is  not 
free,  it  is  merely  an  outgrowth  of  bone  from  the  basisphenoid.  The  pituitary  hole  is 
present,  and  in  the  larger  species  the  curious  basicranial  excavation  ;  also  the  optic 
foramina  ;  whilst  the  sphenoidal  side  passages  are  remarkably  developed. 

As  in  the  genus  Phalangista  among  the  Marsupials,  and  Talpa  and  Sorex  among 
the  British  Insectivora,  the  antero-lateral  vomers  are  evidently  suppressed,  or  have  a 
very  temporary  independent  existence.  The  postero-lateral  vomers  are  rather  small, 
as  in  the  Hedgehog. 

In  the  embryo  the  main  vomer  is  relatively  as  large  as  in  the  embryo  Whale,  and  is 
curiously  cellular  or  spongy. 

In  Nestlings  this  one  primary  azygous  centre  has  broken  up  into  three ;  one,  the 
largest,  above,  and  two  lesser,  below,  sheathing  it,  as  it  sheathes  the  base  of  the  nasal 
septum.  Now  this  multiplication  of  the  vomers,  proper,  is  thoroughly  Marsupial ;  it  is 
unique,  as  far  as  I  know,  in  the  mode  of  its  subdivision  into  secondary  bony  centres. 

In  the  African  (Continental)  Family  of  the  Elephant,  or  Jumping,  Shrews  (Mascrosce- 
lidse),  as  illustrated  by  the  largest  forms — Petrodromus  and  Rhynchocyon — we  have  a 
curious  mixture  of  Marsupial  (Metatherian)  and  Eutherian  characters,  so  that  they 
are  very  abberant  as  Insectivores. 

The  Marsupial  characters  are  most  remarkable,  these  are  :  1,  the  absence  of  an 
optic  foramen ;  2,  the  alisphenoid,  scarcely  overlapping  the  orbitosphenoid ;  3,  tym¬ 
panic  wings  to  the  alisphenoid,  well  marked  hollow  shells  in  the  embryo  ;  4,  large 
antero-lateral  vomers  and  postero-lateral  vomers  as  large  as  in  average  Marsupials, 
and,  as  in  many  of  them,  meeting  and  uniting  at  the  mid-line ;  5,  a  large,  distinct 
“os  bullse,”  which  makes  a  tympanic  cavity  as  large  as,  and  much  like  that  of, 
Petaurus  or  Phascolarctos. 

On  the  high  Eutherian  side  we  have,  in  the  embroyo,  frontals  as  large  as  the  parietals, 
and,  strangest  of  all  anticipations  of  Mammalian  specialization,  a  long  proboscis,  com¬ 
posed  of  thirty  double  rings  of  cartilage,  a  structure  quite  similar  to  the  proboscis  of 
an  Elephant.  The  mesopterygoids  are  suppressed,  but  the  pituitary  hole  is  present. 

Galeopithecus  and  Tupaia  are  manifestly  annectent.  I  shall  treat  of  them,  again, 
when  I  come  to  the  Bats  and  Lemurs. 
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List  of  the  Abbreviations. 

The  Roman  numerals  indicate  nerves  or  their  foramina. 


ag.  Angulare. 

cig.p.  Angular  process. 

al.e.  Aliethmoid. 

al.n.  Alinasal. 

al.s.  Alisphenoid. 

al.s.c.  Alisphenoidal  canal. 

al.sp.  Aliseptal. 

a/p.f  Anterior  palatine  foramen. 

a.s.c.  Anterior  semicircular  canal. 

at.  Atlas. 

a. ty.  Annulus  tympanicus, 

ax.  Axis. 

au.  Auditory  capsule. 

b. a.  Basilar  artery. 

b.h.br.  Basihyobranchial. 
b.mn.  Basimandibular. 

b.o.  Basioccipital. 

b.pg.  Basipterygoid  process. 

b. s.  Basisphenoid. 

C.  Brain. 

c. au.  Concha  auris. 

cd.p.  Condyloid  process. 
chi.  Cochlea. 

c.hy.  Ceratohyal. 

c.p.  and  cr.p.  Coronoid  process. 

cr.g.  Crista  galli. 

cr.p.  Cribriform  plate. 

c.tr.  Cornu  trabecuhe. 

c. ty.  Cavum  tympani. 

d.  Dentary. 

d. c.  Dentary  canal. 

c.  Eye. 

c.hy.  Epihyal. 

c.n.  External  nostrils. 

e. o.  Exoccipital. 

cp.  Epiotic. 

c.pg .  External  pterygoid. 


eu.  Eustachian  tube. 

f  Frontal. 

f.m.  Foramen  magnum. 

fl. r.  Floccular  recess. 

fo.  Fontanelle. 

f.r.  Fenestra  rotunda. 

fs.o.  Fenestra  ovalis. 

gl.c.  Glandular  crypts. 

gl.f  and  gl.c.  Glenoid  cavity  or  cartilag 

h. liy.  Hypohyal. 

li.s.c.  Horizontal  semicircular  canal. 

i.  Incus. 

i.ag.  Internal  angular  process. 
i.c.  Internal  carotid. 

i.hy.  Interhyal. 

i.f.l.  Inferolateral  fontanelle. 
i.n.f.  Internasal  fenestra. 
inf.  Infundibulum. 

i.p.  Interparietal. 

i.tb.  Inferior  turbinal. 

i. tr.  Intertrabecula. 

iv.  Investing  mass. 

j.  Jugal. 

j.o.  Jacobson’s  organ. 

1.  Lachrymal. 

I.c.  Lachrymal  canal. 

l.c.i.  Long  crus  of  incus. 

l. s.  and  s.c.  Lateral  sinus. 

lx.  Larynx. 

m.  Mouth. 

m.ci.e.  External  meatus 

mb.  and  m.ml.  Manubrium  mallei. 

m.c.  Meatus  cartilage. 

m.g.  Mucous  gland. 

rnJc.  Meckel’s  cartilage. 

ml.  Malleus. 

mn.  Mandible. 
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ms. pg.  Mesopterygoid, 

mt. c.  Mastoid  cells. 

m. ty.  Membrana  tympam. 
mx.  Maxillary. 

n.  Nasal. 

nc.  Notochord. 

n.f.  Nasal  floor. 

n.p.  Nasal  passage. 

np.c.  Nasal  palatine  passage  or  canal. 

oi. tb.  Nasal  turbinal. 

n. v.  Narial  valve. 

o. b.  Os  bullae. 

oc.c.  Occipital  condyle. 

op.  Opisthotic. 

o. s.  Orbitosphenoid, 

p.  Parietal. 
pa.  Palatine. 

p.ag.  Posterior  angular  process. 

p.cl.  Posterior  clinoid. 

p.e.  Perpendicular  ethmoid. 

pg.  Pterygoid. 

pg.c.  Pterygoid  cartilage. 
p.gl.  Postglenoid  process. 
p.gr.  Processus  gracilis. 
phx.  Pharynx. 

p.mx.  Palatine  plate  of  maxillary. 

p.n.  Posterior  nares. 

pn.f  Pneumatic  foramen. 

p.ob.  Postorbital. 

p.oc.  Paroccipital. 

pp.f.  Posterior  palatine  foramen. 

p.px.  Palatine  process  of  premaxillary. 

pr.o.  Prootic. 

p.s.  Presphenoid. 

p.s.c.  Posterior  semicircular  canal. 


p.t.  Post-temporal. 

p.t.r.  Posterior  tympanic  recess. 

p.ty.  Pretympanic  process  of  malleus. 

px.  Premaxillary. 

py.  Pituitary  region. 
rc.c.  Recurrent  cartilage. 
owb.  Recessus  vestibuli. 

s.a.c.  and  s.t.c.  Supra-auditory  cartilage, 

s.ag.  Supra-angulare. 

s.c.  and  l.s.  Sinus  canal. 

s.c.i.  Short  crus  of  incus. 

s.n.  Septum  nasi. 

s.o.  Supraoccipital. 

s.ob.  Supraorbital. 

sp.  Splenial. 

sq.  Squamosal. 

sq.c.  Squamosal  cells. 
st.  Stapes. 

s. t.  Supratemporal. 

st.a.  Stapedial  artery. 
st.h.  Stylohyal. 

st.m.  Stapedius  muscle. 

t. al.s.  Tympanic  wing  of  alisphenoid. 

t.b.s.  Tympanic  wing  of  basisplrenoid. 

tg.  Tongue. 

th. c.  Thyroid  cartilage. 

t.hy.  Thyrohyal. 

tr.  Trabecula. 

tt.  Tentorium. 

t.ton.  Tensor  tympani. 

t. ty.  Tegmen  tympani. 

u. tb.  Upper  turbinal. 

u. t.r.  Upper  tympanic  recess. 

v. ,  v.,  v".  Vomerine  bones. 

vb.  Vestibule. 
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MR.  W.  K.  PARKER  ON  THE  SKULL  IN  THE  MAMMALIA. 


PLATE  1. 


Number  of 

Figures. 

times 

magnified. 

1 

Embryo  of  Unau  ( Choi  opus  didactylus ) ;  about  half  ripe 

(1st  stage) ;  side  view . 

nat.  size. 

2 

The  same  ;  front  view . 

ditto 

3 

Early  embryo  of  Pangolin  (Mctnis - ?  sp.)  (1st  stage) ; 

front  view . 

4 

The  same  ;  side  view . 

5 

Advanced  embryo  of  Pangolin  (Manis  brevicaudata), 

from  Ceylon  (2nd  stage) ;  front  view . 

nat.  size. 

6 

The  same  ;  side  view . 

ditto 

7 

Embryo  (one-third  ripe)  of  Armadillo  ( Tatusia  hybrida ) 

(1st  stage) ;  side  view . 

2 

8 

9 

The  same  ;  front  view . 

Head  of  nearly  ripe  embryo  of  Aard-Vark  ( Orycteropus 

2 

capensis ) ;  upper  view . 

nat.  size. 

10 

The  same  ;  side  view . 

ditto 

11 

The  same  ;  front  view  . . 

nat.  size. 
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MR.  W.  K.  PARKER  OK  THE  SKULL  IN  THE  MAMMALIA. 


PLATE  2. 


Number  of 

times 

magnified. 

Tatusia  liybrida  (1st  stage) ;  embryo  If-  inch  long  (snout 

to  root  of  tail) ;  section  of  skull ;  inner  view  .... 

n 

The  same'";  fore  part  of  lower  jaws  ;  upper  view  . 

13g 

!  The  same  ;  lower  jaw  ;  inner  view . 

H 

The  same  ;  auditory  region  ;  outer  view . 

The  same ;  part  of  ethmoidal  region,  with  turbinals 

m 

exposed,  and  rudiment  of  cribriform  plate  shown 

Tatusia  liybrida;  2  inches  long  (2nd  stage);  skull; 

H 

lower  view . 

6 

The  same  ;  skull ;  upper  view . 

6 

The  same  ;  skuil ;  side  view . 

6 

*  This  figure  is  not  numbered  on  the  Plate ;  it  is  below  fig.  4. 
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MR.  W.  K.  PARKER  OK  THE  SKULL  IK  THE  MAMMALIA. 


PLATE  3. 


Figures. 

Humber  of 
times 
magnified. 

1 

Tatusia  hybrida  (1st  stage) ;  embryo  ;  If-  inch  long  ;  1st 
of  a  series  of  vertically -transverse,  thin,  transparent 
sections . 

24 

2 

The  same  ;  2nd  section  . . 

24 

3 

The  same  ;  3rd  section . 

24 

4 

The  same  ;  4th  section . 

24 

5 

The  same  ;  5th  section . 

24 

6 

The  same  ;  6th  section . 

24 

7 

The  same  ;  7th  section . 

24 

8 

The  same  ;  8th  section . 

24 

9 

The  same  ;  part  of  9th  section . 

14 

9a  (' read  10) 

The  same  ;  LOth  section  . . 

14 

11 

The  same  ;  11th  section . 

10* 

12 

The  same  ;  12th  section . 

lOf 

13 

The  same;  part  of  17th  section  (Plate  4,  fig.  5) 

125 
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MR  W.  K  PARKER  OX  THE  SKULL  IX  THE  MAMMALIA. 


PLATE  4. 


Figures. 


X umber  of 
times 
magnified. 


1 

2 

o 

O 

4 

5 

6 
7 
S 
9 

10 

11 

12 

13 


(Continuation  of  same  series)  ;  13th  section 

The  same  ;  1 4th  section . 

The  same  ;  15th  section . 

The  same  ;  16th  section  ...... 

The  same  ;  1 7 th  section . 

The  same  ;  1 8th  section . 

The  same  ;  19th  section . 

20th  section  ...... 

21st  section . 

22nd  section . 

23rd  section  ...... 

24th  section . 

25th  section . 


The  same 
The  same 
The  same 
The  same 
The  same 
The  same 


101 

H* 

10-1 

10* 

10-1 

101 

12 

12 

12 

12 

12 

12 

12 
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MR,  W.  K.  PARKER  OK  THE  SKULL  IK  THE  MAMMALIA. 


PLATE  5. 


Figures. 

Humber  of 
times 
magnified. 

1 

Tatusia  hybrida ;  embryo  ;  3  inches  long  (3rd  stage)  ; 

endocranium  ;  upper  view . 

Q3 

2 

The  same  ;  end  view . 

qS 

3 

The  same  ;  auditory  region  ;  outer  view . 

13  3" 

4 

Tatusia  liybrida  ;  embryo  ;  2  inches  long  (2nd  stage) ; 

auditory  region  ;  outer  view . 

13L 

5 

Tatusia  peba ;  embryo  ;  3  inches  long  (4th  stage) ;  skull ; 

lower  view . 

3f 

6 

The  same  ;  vertical  section  of  skull ;  inner  view  . 

3f 

7 

The  same  ;  skull ;  end  view . 

3f 

8 

The  same  ;  ossicula  auditus . 

ni 
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MR.  W.  K.  PARKER  OR  THE  SKULL  IN  THE  MAMMALIA. 


PLATE  6. 


Figures. 

Number  of 
times 
magnified . 

1 

Tatusia  hybrid ct ;  ripe  embryo  ;  4  inches  long  (5th  stage) ; 

skull ;  lower  view . 

H 

2 

The  same  ;  upper  view . 

2± 

4< 

3 

The  same  ;  side  view . 

oA 

"4 

3a 

The  same  ;  lower  jaw  ;  inner  view . 

Z4 

4 

The  same  ;  end  view . 

ol. 

Z4 

5 

The  same  ;  os  hyoides  ;  under  view . 

2i 

6 

The  same  ;  ossicuia  auditus  ;  outer  view . 

6f 

7 

The  same  ;  auditory  capsule  ;  inner  view . 

6 

8 

The  same  ;  outer  view . 

6 

9 

Tatusia  peba  ;  new  born  (?) ;  4-|  inches  long  (6th  stage) ; 

endocranium  ;  lower  view . 

to 

10 

The  same  ;  os  hyoides  ;  under  view . 

3 

11 

The  same  ;  auditory  region  ;  outer  view . 

6 

or  er. 
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MR.  W.  K.  PARKER  ON  THE  SKULL  IN  THE  MAMMALIA. 


PLATE  7. 


Figures. 

Number  of 
times 
magnified. 

1 

Dasypus  villosus ;  ripe  embryo;  4f  inches  .long  (5th 

stage,  continued)  ;  skull ;  under  view . 

3 

2 

The  same  ;  upper  view . 

3 

3 

The  same  ;  side  view . 

3 

3a 

The  same  ;  lower  jaw  ;  inner  view . 

3 

4 

The  same  ;  skull ;  end  view . 

3 

5 

The  same  ;  os  hyoides  ;  inner  view . 

3 

6 

The  same  ;  ossicula  auditus  ;  outer  view . 

9 
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MR.  W.  K.  PARKER  ON  THE  SKULL  IN  THE  MAMMALIA. 


PLATE  8. 


Figures. 

Number  of 
times 
magnified. 

1 

Unau  ( Cholopus  diclactylus )  (?)  ;  embryo  ;  3|-  inches  long 

(1st  stage)  ;  skull ;  lower  view . 

4 

2 

The  same  ;  upper  view . 

4 

3 

The  same  ;  side  view . 

4 

4 

The  same  ;  end  view . 

4 

5 

Ai  ( Brady  pus ,  Arctopithecus,  Gray,  ?  sp.)  ;  embryo  ; 

5  inches  long  (2nd  stage)  ;  skull  ;  lower  view  .... 

3 

6 

The  same  ;  side  view . 

3 

7 

The  same  ;  right  malar  bone . . 

3 

8 

The  same  ;  nasal  region  of  skull ;  side  view  of  septum  . 

3 

9 

The  same  ;  showing  turbinals . 

3 
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PLATE  9. 


1 

Figures. 

Number  of 
times 
magnified. 

1 

Cholopus  Hojfmanni ;  young  ;  8  inches  long  (3rd  stage); 

skull ;  lower  view . 

if 

2 

The  same  ;  upper  view . 

if 

3 

The  same  ;  side  view . 

if 

4 

The  same  ;  end  view . 

1  A 

5 

The  same  ;  lower  jaws  ;  under  view . 

If 

6 

The  same  ;  ossicula  auditors  ;  inner  view . 

6 

7 

The  same ;  ossicula  auditus  and  auditory  capsule ;  outer 

view . 

6 

8 

Bradypus  ( Arctopitliecus )  (2nd  stage) ;  lower  jaw  and 

ossicula  auditus  ;  inner  view  .  . 

4 

9 

Cholopus  didactylus  (?)  (1st  stage);  the  same  parts; 

_ 

inner  view  .  . 

6 
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MR.  W.  K.  PARKER  OK  THE  SKULL  IN  THE  MAMMALIA. 


PLATE  10. 


Number  of 

Figures. 

times 

magnified. 

1 

Cycloturus  didactylus ;  young ;  head,  1  ^  inch  long ; 

skull ;  lower  view . 

H 

2 

The  same  ;  upper  view . 

H 

3 

The  same  ;  side  view . 

Q  A 
d3 

3a 

The  same  ;  lower  jaw  ;  inner  view . 

H 

4 

The  same  ;  end  view  of  skull . 

H 

5 

The  same  species ;  larger  specimen ;  4 1  inches  long ; 

head,  1^  inch  ;  ossicula  auditus  ;  outer  view  .... 

10 

6 

The  same  ;  os  hyoides  ;  inner  view . 

10 

7 

The  same  ;  vertical  section  of  skull ;  inner  view 

3*  ■ 

8 

The  same  ;  part  of  skull,  showing  turbinals . 

H 

9 

The  same  species  ;  lesser  specimen ;  temporal  region 

oblique  ;  lower  view . 

6-2 

°3 

10 

The  same  ;  larger  specimen ;  vomer  and  related  parts  ; 

lower  view . 

6 
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MR.  W.  K,  PARKER  ON  THE  SKULL  IN  THE  MAMMALIA. 


PLATE  11. 


Figures. 

Number  of 
times 
magnified. 

1 

Pangolin  (Manis -  ?  sp.) ;  embryo ;  2^-  inches  long 

(1st  stage) ;  skull ;  lower  view# . 

4 

2 

The  same  ;  upper  view . 

4 

3 

The  same  ;  side  view . 

4 

4 

The  same  ;  end  view . 

4 

5 

The  same  ;  os  hyoides  ;  upper  view . 

4 

6 

The  same  ;  lower  jaw  and  auditory  region  ;  inner  view  . 

6 

7 

Manis  brevicaudata ;  embryo ;  4f  inches  long  (2nd 

stage)  ;  skull ;  side  view . 

2 

8 

The  same  ;  under  view . 

2 

*  All  the  parts  behind  b.o.  and  oc.c.  should  have  been  drawn  in  shade ;  they  belong  to  the  roof. 
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MR.  W.  K.  PARKER  ON  THE  SKULL  IN  THE  MAMMALIA. 


PLATE  12. 


Figures. 

Number  of 
times 
magnified. 

1 

Manis  brevicaudatcc  (as  in  figs.  7  and  8  of  last  Plate) ; 

skull  ;  upper  view# . 

3 

2 

The  same  ;  end  view . 

3 

3 

Tbe  same  ;  os  hyoides  ;  inner  view . 

3 

4 

The  same  ;  lower  jaw  and  ossicula  auditus  ;  inner  view  . 

4L 

^2 

5 

The  same  ;  both  lower  jaws  ;  fore  part  of  under  view 

aL 

*2 

6 

Manis  Temminckii ;  young;  2nd  day  after  birth;  head, 

2^  inches  long  (3rd  stage)  ;  skull ;  lower  view  . 

2 

7 

The  same  ;  upper  view . 

2 

8 

The  same  ;  side  view . 

2 

0 

The  same  ;  end  view . 

2 

10 

Lower  jaw  ;  inner  view . 

2 

-1  1 

A  X 

The  same  part ;  with  ossicula  auditus  ;  inner  view  . 

2f 

12 

The  same ;  stapes  and  part  of  incus . 

8 

13 

The  same  ;  os  hyoides  ;  inner  view . 

9— 

"  3 

*  In  any  want  of  correspondence  between  tbe  number  of  times  a  figure  is  said  to  be  magnified,  on 
the  Plate,  and  in  tbe  descriptive  page,  tbe  latter  gives  tbe  true  number. 


Phil. Trains.  1885.  PlaJje  12 


IStfe:..- 


Sb.rrv 


b.vnn- 


vn.yriL 


crp 


b.Tr.~br 


all 't 


?$&>%■ 


aJL.n — 


WlDC 


West,Newwian  &  Co  imp 


Majlis 


MR.  W.  K.  PARKER  OK  THE  SKULL  IK  THE  MAMMALIA. 


PLATE  13. 


Humber  of 

Figures. 

times 

magnified. 

1 

Manis  Temminckii  (3rd  stage)  ;  left  part  of  basis  cranii ; 

lower  view . 

3 

2 

Manis - ?  sp. ;  adult  (4th  stage) ;  skull ;  part  of  lower 

view . 

4 

3 

The  same  ;  cribriform  plate  ;  hinder  view . 

4 

4 

The  same  ;  front  view  of  nasal  region . 

4 

5 

Bradypus  tridactylus,  Linn.  ;  half-grown  (4th  stage) ; 

part  of  skull;  side  view . 

4 

6 

The  same  ;  lower  view . 

4 

7 

The  same  ;  hinder  view . 

4 

8 

The  same  ;  os  tympanicum  ;  outer  view . 

2 

9 

The  same  ;  inner  view . 

2 

10 

Bradypus  (Arctopithecus)  (2nd  stage)  ;  skull ;  hind  view 

2 

11 

The  same ;  section  of  basisphenoidal  region . 

2 

12 

Manis  brevicaudata  (2nd  stage) ;  vertical  section  of  skull ; 

inner  view . 

3 
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MR.  W.  K.  PARKER  ON  THE  SKULL  IN  THE  MAMMALIA. 


PLATE  14. 


Figures. 

. 

Number  of 
times 
magnified. 

i 

Aard-Vark  (Orycteropus  capensis) ;  nearly  ripe  embryo; 
skull ;  lower  view* . 

lij>  nearly 

2 

The  same  ;  upper  view . 

do. 

3 

The  same  ;  side  view . 

do. 

4 

The  same  ;  hind  view . 

do. 

5 

The  same  ;  vomerine  region  ;  lower  view . 

3 

*  These  figures  shioulcl  have  been  marked  x  1^  and  x  2-|,  like  those  of  the  next  Plate. 
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PLATE  15. 


Figures. 

• 

Number  of 
times 
magnified. 

1 

Orycteropus  capensis  (continued) ;  endocranium ;  lower 

view . 

nearly 

2 

The  same  ;  upper  view . 

do. 

3 

The  same  ;  septum  nasi  and  vomer  ;  side  view  .... 

do. 

4 

The  same  ;  ossicula  audiths  ;  inner  view . 

4 

5 

Cholopus  didactylus  (1)  (1st  stage),  vertical  section  of 

skull ;  inner  view . 

4 

5a 

The  same ;  separate  ;  anterior  paired  vomer . 

20 

6 

The  same  ;  vomerine  region  of  skull ;  lower  view  . 

4 

F our  her. 
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MR,  W.  K.  PARKER  ON  THE  SKULL  IN  THE  MAMMALIA. 


PLATE  16. 


Number  of 

Figures. 

times 
magnified 
or  reduced. 

1 

Talpa  europcea  (1st  stage);  embryo,  \  inch  long;  side 

view . 

9 

2 

Talpa  europcea  (2nd  stage) ;  embryo,  ^  inch  long  ;  side 

view . 

71 

'  2 

3 

The  same  ;  front  view . 

71 

'  2 

4 

The  same  ;  lower  view  of  head . 

71 

5 

Talpa  europcea  (3th  stage) ;  f-  inch  long . 

H 

6 

Talpa  europcea  (5th  stage) ;  embryo  lyj  inch  long  ;  front 

view  of  upper  part . 

H 

7 

The  same  ;  side  view  of  upper  part . 

H 

8 

Erinaceus  europceus  (1st  stage);  embryo,  1^  inch  long; 

side  view . 

2 

9 

The  same  ;  front  view . 

2 

10 

Sorex  vulgaris  (1st  stage) ;  embryo,  f  inch  long  nearly  ; 

side  view . 

q3 

°4 

11 

The  same  ;  front  view . 

Q3 

°4 

12 

Sorex  vulgaris  (3rd  stage)  ;  nestling,  10  or  12  days  old  . 

2 

13 

Centetes  ecaudatus  (1st  stage) ;  embryo,  inch  long  . 

H 

14 

Centetes  ecaudatus  (2nd  stage) ;  embryo,  ly-§-  inch  long  . 

15 

Galeopithecus  volans  (1st  stage)  ;  embryo  nearly  ripe  . 

§  nat.  size. 

15a 

The  same  ;  side  view  of  head . 

t  do. 

16 

Rhynchocyon  cernei ;  embryo,  ripe,  or  nearly  ripe  . 

f  do. 

I 
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MR.  W.  K.  PARKER  ON  THE  SKULL  IN  THE  MAMMALIA. 


PLATE  17. 


Number  of 

Figures. 

times 

magnified. 

1 

Erinaceus  europceus  (1st  stage);  embryo,  1^  inch  long; 

endocraninm  ;  lower  view . 

8 

2 

The  same  ;  upper  view . 

8 

3 

Erinaceus  europceus  (2nd  stage) ;  ripe  young,  2$  inches 

long  ;  dissected  skull ;  lower  view . 

6^ 

4 

The  same  ;  upper  view . 

6i 

5 

The  same  ;  side  view . 

6 

The  same  ;  end  view . 

H 

7 

The  same  ;  section . 

8 

The  same  ;  part  of  basal  view,  with  hard  palate  removed 
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MR.  W.  K.  PARKER  OK  THE  SKULL  IK  THE  MAMMALIA. 


PLATE  18. 


Figures. 

Humber  of 
times 
magnified. 

1 

Erinaceus  europceus  (1st  stage) ;  embryo,  1^  inch  long ; 

1st  of  a  series  of  vertically-transverse  sections 

11 

2 

The  same  ;  2nd  section . 

11 

3 

The  same  ;  3rd  section . 

11 

4 

The  same  ;  4th  section . 

11 

5 

The  same  ;  5th  section . 

11 

6 

The  same  ;  6th  section . 

11 

7 

The  same  ;  7th  section . 

12 

8 

The  same  ;  8th  section . 

12 

9 

The  same  ;  9th  section . 

12 

10 

The  same;  10th  section . 

8 

1 — i 

f— 1 

The  same  ;  11th  section . 

8 

12 

The  same  ;  1 2th  section . 

8 

13 

The  same  ;  13th  section . 

8 

14 

The  same  ;  1 4th  section . 

8 

15 

The  same  ;  15th  section . 

8 

16 

The  same  ;  16th  section . 

8 

17 

The  same  ;  1 7th  section . 

8 

OO 

H 

The  same  ;  18th  section . 

8 

19 

The  same  ;  19th  section . 

8 

20 

The  same  ;  20  th  section . 

8 

21 

The  same  ;  21st  section . 

8 

22 

The  same  ;  22nd  section . 

8 

G  Kll 


•U-fcfcjJ 

^  4- 


7UW 
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mb,  W.  K.  PARKER  OK  THE  SKULL  IK  THE  MAMMALIA. 


PLATE  19. 


Figures. 

Humber  of 
times 
magnified. 

1 

Erinaceus  europceus  (3rd  stage)  ;  new-born  young,  2^ 

inches  long  ;  endocranium  ;  lower  view . 

5 

2 

The  same  ;  upper  view . 

5 

3 

Erinaceus  europceus  (4th  stage) ;  suckling,  2  weeks  old  ; 

3  inches  long  ;  endocranium  ;  lower  view . 

4 

4 

The  same  ;  upper  view . 

4 

5 

The  same  ;  part  of  endocranium  ;  upper  view  .... 

4 

6 

Erinaceus  europceus  (5th  stage) ;  1  month  old ;  head, 

1  ^  inch  long  ;  dissected  skull ;  end  view . 

3 

7 

The  same ;  part  of  endocranium,  with  some  splints 

retained  ;  lower  view . 

o 

O 

8 

The  same  ;  section  of  skull . 

Q 

O 

9 

The  same  ;  part  of  skull ;  outer  view  of  auditory  region  . 

3 
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MR.  W.  K.  PARKER  OK  THE  SKULL  IK  THE  MAMMALIA. 


PLATE  20. 


Figures. 

Humber  of 
times 
magnified. 

1 

Erinaceus  europceus  (5tli  stage,  continued)  ;  skull;  lower 

view . 

3 

2 

The  same  ;  upper  view . 

3 

3 

The  same  ;  side  view . 

3 

4 

Erinaceus  europceus  (6th  stage) ;  young,  §  grown  ;  section 

of  skull . 

9  2. 

"  3 

5 

The  same  (part)  ;  with  septum  removed . 

9— 

6 

Erinaceus  europceus  (8th  stage)  ;  sub-adult ;  posterior 

sphenoid  ;  upper  view . 

9l 

"2 

7 

The  same  ;  lower  view . 

9  L 
^2 

8 

The  same ;  end  view,  behind . 

9JL 

Z2 

9 

The  same  ;  inferior  (maxillary)  turbinals  ;  front  view  .  . 

9l 

10 

The  same  ;  internal  view . 

oL 

vv  x  T'C.  c 
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MR.  W.  K.  PARKER  OR  THE  SKULL  IN  THE  MAMMALIA. 


PLATE  21. 


Number  of 

Figures. 

times 

magnified. 

1 

Erinaceus  europceus  (8th  stage,  continued)  ;  sub-adult  ; 

sknll  ;  lower  view . 

i  A 

i3 

2 

The  same  ;  upper  view . 

1-2 

13 

3 

The  same  ;  side  view . 

If 

4 

The  same  ;  end  view . 

If 

5 

The  same  ;  lower  jaw  ;  outer  view . 

1  *■ 

1  3 

6 

The  same  ;  inner  view . 

-|2. 

1  3 

7 

The  same  ;  nasal  labyrinth  ;  upper  view . 

2-i. 

8 

The  same  ;  lower  view . 

9l 
■“  2 

9 

The  same  ;  side  view . 

1 

to 

joH 

i 

i . 

zer. 
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MR,  W.  K.  PARKER  OK  THE  SKULL  IK  THE  MAMMALIA. 


PLATE  22. 


Kumber  of 

Figures. 

times 

magnified. 

1 

Erinaceus  europceus  (a  series  of  stages  of  visceral  arches); 

deep  and  superficial  mandible  and  ear-drum  ;  inner 
view  (1st  stage)  ;  embryo  ;  1^  inch  long . 

8 

2 

The  same  ;  fore  part  of  deep  mandible  ;  upper  view  . 

16 

3 

The  same  ;  hyoid  arch  ;  oblique  view . 

8 

4 

2nd  stage  ;  embryo  ;  2^  inches  long  ;  deep  and  super- 

ficial  mandible  ;  and  ear-drum  ;  inner  view  .... 

6 

5 

3rd  stage  ;  ripe  young  ;  2-§-  inches  long  ;  the  same  parts  ; 

inner  view . 

si 

J3 

6 

The  same  ;  hyoid  arch  ;  upper  view . 

Si 

J3 

7 

4th  stage  ;  young,  2  weeks  old  ;  the  same  parts  ;  inner 

view . 

,  4 

8 

5th  stage  ;  head,  lijr  inch  long  ;  same  parts  ;  inner  view  . 

3 

9 

The  same  ;  hyoid  arch  ;  upper  view. . 

3 

10 

7th  stage;  f  grown  ;  ear-drum  ;  outer  view . 

8 

11 

The  same  ;  inner  view . 

8 

12 

Sth  stage  ;  adult ;  malleus  ;  outer  view . 

8 

13 

The  same  ;  annulus  tympanicus  ;  outer  view . 

8 

14 

The  same  ;  hyoid  arch  ;  upper  view . 

02. 

z3 
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MR,  W.  K.  PARKER  OK  THE  SKULL  IN  THE  MAMMALIA. 


PLATE  23. 


Figures. 

Number  of 
times 
magnified. 

1 

Talpa  europcsa  (3rd  stage)  ;  embryo  ;  7-^  lines  long  ;  1st 

of  a  series  of  vertically-transverse  sections  .... 

13 

2 

The  same  ;  2nd  section  . . 

13 

3 

The  same  ;  3rd  section  . . 

13 

4 

The  same  ;  4th  section  .  . 

13 

5 

The  same  ;  5th  section . 

13 

6 

The  same  ;  6th  section  . . 

13 

7 

The  same  ;  7th  section . . 

13 

8 

The  same  ;  8tli  section . . 

13 

9 

The  same  ;  10th  section  . . '  .  .  .  . 

13 

10 

The  same  ;  11th  section  . . 

13 

11 

The  same  ;  12th  section . 

13 

12 

The  same  ;  9th  section  . . 

13 

13 

The  same  ;  13th  section . . 

13 

14 

The  same  ;  14th  section . 

13 

15 

The  same  ;  15th  section . 

13 

16 

Talpa  europcea  (4th  stage) ;  embryo  ;  §  inch  long  ;  1st  of 

a  series  of  vertically-transverse  sections . 

13 

17 

The  same  ;  2nd  section  .  . . 

13 

18 

The  same  ;  3rd  section . 

13 

19 

The  same  ;  4tli  section . 

13 

20 

The  same  ;  5th  section . 

13 

21 

The  same  ;  6th  section . 

13 

22 

The  same  ;  7th  section . 

13 

23 

The  same  ;  8th  section . 

13 

24 

The  same  ;  9th  section  . . 

13 

25 

The  same  ;  1 0th  section . 

13 
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MR.  W.  K.  PARKER  OK  THE  SKULL  IX  THE  MAMMALIA. 


PLATE  24. 


Figures. 

X  limber  of 
times 
magnified. 

1 

The  same  (continued)  ;  11th  section . 

13* 

2 

The  same  ;  12th  section  .  . 

13* 

3 

The  same  ;  13th  section . . 

13* 

4 

The  same  ;  J  4th  section . . 

13* 

5 

The  same  ;  1  5th  section . 

13* 

6 

The  same  ;  1 6th  section . 

13* 

7 

The  same  ;  17th  section . 

13* 

8 

The  same  ;  1 8th  section . 

13* 

9 

The  same  ;  19th  section . 

13* 

10 

The  same  ;  20th  section . 

13* 

11 

The  same  ;  21st  section . 

13* 

12 

The  same  ;  22nd  section . 

13* 

13 

The  same  ;  23rd  section . 

13* 

14 

The  same  ;  24th  section . 

13* 
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MR.  W.  K.  PARKER  ON  THE  SKULL  IN  THE  MAMMALIA. 


PLATE  25. 


Number  of 

Figures. 

times 

magnified. 

1 

Talpa  eur opera  (8th  stage);  ripe  young,  If  inch  long; 

vertical  section  of  head  . . . 

cl 

°3 

2 

Talpa  europcea  (4th  stage) ;  embryo,  f  inch  long ;  endo- 

cranium,  lower  view  .  . . 

10 

3 

The  same  ;  upper  view  . . 

10 

4 

Talpa  europxea  (9th  special,  12th  general  stage)  ;  young 

mole,  §  grown  ;  malleus  ;  inner  view . 

10 

5 

The  same  ;  outer  view  . . 

10 

6 

The  same  ;  incus  ;  inner  view . 

10 

7 

The  same  ;  incus  ;  outer  view . 

10 

8 

Talpa  europcea  (10th  special,  13th  general  stage) ;  adult; 

malleus  and  incus  ;  inner  view . 

10 

9 

The  same  ;  outer  view  .  . 

10 

10 

The  same  ;  stapes  ;  side  view . 

10 

11 

Talpa  europcea  (12th  stage);  young  mole,  f:  grown; 

annulus  tympanicus  ;  inner  view . 

6f 

12 

Talpa  europcea  (3rd  stage) ;  embryo,  §  inch  long  ;  liori- 

zontal  section  of  snout . . 

fit 

13 

Talpa  europcea  (10th  stage) ;  young  mole,  3  inches  long; 

annul  us  and  meatus  externus . 

6f 

14 

Talpa  europcea  (13th  stage);  adult;  vertical  section  of 

snout  . 

^t 
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MR.  W.  K.  PARKER  ON  THE  SKULL  IN  THE  MAMMALIA. 


PLATE  26. 


Number  of 

Figures. 

times 

magnified. 

1 

Talpa  eurojpceci  (9th  stage) ;  young,  1-f  inch  long  ;  dis- 

sectecl  skull  ;  upper  view . 

6f 

2 

The  same  ;  lower  view . 

6f 

3 

The  same  ;  side  view  . . 

6* 

4 

The  same  ;  endocranium ;  upper  view . 

6f 

5 

The  same  ;  lower  view . 

6f 

6 

The  same  ;  inner  view  (part) . 

6| 
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MR.  W.  K.  PARKER  OK  THE  SKULL  IK  THE  MAMMALIA. 


PLATE  27. 


Humber  of 

Figures. 

times 

magnified. 

1 

lalpa  europcea  (10th  stage) ;  young  mole,  3  inches  long  ; 

endocranium  ;  upper  view  . . 

04 

2 

The  same  ;  lower  view . . 

Q3 

64< 

3 

The  same ;  dissected  skull  with  some  bones  removed  ; 

side  view . 

CO 

4 

Tcilpa  europcea  (11th  stage);  young  mole,  f-  grown  : 

skull,  with  jugal  bone  removed  ;  side  view  .... 

Ql 

6S 

5 

Same  skull  (perfect)  ;  lower  view . 

3  A 
°8 

6 

The  same  ;  upper  view . 

3l 

7 

The  same  ;  end  view . 

8 

The  same ;  inside  of  hind  skull . 

d4 
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MR.  W.  K.  PARKER  ON  THE  SKULL  IN  THE  MAMMALIA. 


PLATE  28. 


Figures. 

Number  of 
times 
magnified. 

1 

Talpa  europcecc ;  first  of  a  series  of  stages  of  the  visceral 
arches,  the  main  figures  all  drawn  from  the  inside  (3rd 

stage  of  the  whole  series) ;  embryo  mole,  -f  inch  long  . 

10 

2 

The  same  (2nd  special,  4th  general  stage) ;  embryo,  -f  inch 

long . . . . 

10 

3 

The  same  (3rd  special,  5th  general  stage) ;  embryo  mole, 

1  inch  long . 

O 

10 

4 

The  same  (4th  special,  6th  general  stage) ;  embryo  mole, 

1^  inch  long . . . 

10 

5 

The  same  (5th  special,  7th  general  stage);  embryo  mole, 

1|  inch  long . 

10 

6 

The  same  (6th  special,  9th  general  stage) ;  suckling  mole, 

2  or  3  days  old . . 

10 

7 

The  same  (7  th  special,  10th  general  stage);  young  mole, 

3  inches  long  . . 

10 

8 

The  same  (8th  special,  11th  general  stage) ;  young  mole, 

§•  grown  ;  hyoid  arch  ;  upper  view . 

10 

9 

The  same  ;  malleus  ;  inner  view . 

10 

10 

The  same  ;  malleus  ;  outer  view . 

10 

11 

The  same  species  (9tlr  special,  12th  general  stage)  ;  stapes 

1 

in  situ . 

10 
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MR,  W.  E.  PARKER  ON  THE  SKULL  IN  THE  MAMMAL  TA. 


PLATE  29. 


Number  of 

Figures. 

times 

magnified. 

1 

Sorex •  vulgaris  (3rd  stage)  ;  dissected  skull  of  young 

shrew,  1^-  inch  long  ;  upper  view . 

8 

2 

The  same  ;  lower  view . 

8 

3 

The  same  ;  endocranium  ;  upper  view . 

8 

4 

The  same  ;  lower  view . 

8 

5 

The  same  as  fig.  4  ;  part . 

22 

6 

The  same  ;  ossicula  auditus  ;  outer  view . 

20 

7 

Sorex  vulgaris  (2nd  stage),  lines  long  (19mm.) ;  section 

of  skull  .  . . 

12 

Phil .  Trains  1885.  Pla  te  2  9 
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MR.  W.  K.  PARKER  OK  THE  SKULL  IN  THE  MAMMALIA. 


PLATE  30. 


Pigures. 

Number  of 
times 
magnified. 

1 

Sorex  vulgaris  (3rd  stage)  ;  young  inch  long  ;  first  of 

a  series  of  vertically-transverse  sections  of  head  . 

12 

2 

The  same  ;  2nd  section . 

12 

3 

The  same  ;  3rd  section . 

12 

4 

The  same  ;  4th  section . 

12 

5 

The  same  ;  5th  section . 

12 

6 

The  same  ;  6th  section . 

12 

7 

The  same  ;  7  th  section . 

12 

7A 

The  same  (part  of  fig.  7) . 

46 

8 

The  same  ;  8th  section . 

12 

9 

The  same  ;  9th  section . 

12 

10 

The  same  ;  10th  section . 

12 

LI 

The  same  ;  lltli  section . 

12 

L2 

The  same  ;  12tli  section . 

12 

L3 

The  same  ;  13th  section . 

12 

L4 

The  same  ;  1 4th  section . 

12 

15 

The  same  ;  15th  section . 

12 

16 

Sorex  vulgaris  (2nd  stage) . , 

20 

17 

Ditto  (3rd  stage)  ;  ossicula  auditus  ;  inner  view 

20 

18 

The  same  ;  endocranium  (part) ;  lower  view  (2nd  stage)  . 

m 
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MR.  W.  K.  PARKER  OK  THE  SKCJLL  IK  THE  MAMMALIA. 


PLATE  31. 


Figures. 

Humber  of 
times 
magnified. 

1 

Sorex  vulgaris  (4th  stage) ;  skull  of  adult  ;  upper  view  . 

5 

2 

The  same  ;  lower  view . 

5 

3 

The  same  ;  side  view . 

5 

3a 

The  same  ;  end  view  of  lower  jaw . 

5 

4 

The  same  ;  petromastoid  bone  ;  inner  view . 

12  . 

5 

The  same  ;  outer  view . 

12 

6 

The  same  ;  malleus,  incus,  and  tympanic  ;  outer  view  . 

18 

7 

The  same  ;  inner  view . 

18 

8 

The  same  ;  stapes  ;  side  view . 

18 

9 

Sorex  vulgaris  (4th  stage) ;  adult ;  hyoid  arch  ;  inner  view 

7 

10 

The  same  (3rd  stage) ;  skull ;  side  view . 

7 

11 

The  same ;  section  ;  side  view . 

7 

12 

The  same  ;  hyoid  arch . 

12 
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MR.  W.  K.  PARKER  ON  THE  SKULL  IN  THE  MAMMALIA. 


PLATE  32. 


Figures. 

Number  of 
times 
magnified. 

1 

Centetes  ecaudatus  (2nd  stage)  ;  embryo  ;  1-jA  inch  long  ; 

skull  ;  upper  view . 

5i 

2 

The  same  ;  lower  view . 

n  i 

J3 

3 

The  same  ;  side  view . 

al 

J3 

4 

The  same  ;  endocranium  ;  lower  view . 

5- 

5 

The  same  ;  upper  view . 

hi. 

J3 

6 

The  same ;  ethmo-septal  region  ;  side  view . 

8 

7 

The  same  ;  ossicula  auditus  ;  inner  view . 

20 

8 

The  same  ;  hyoid  arch  ;  inner  view . 

13* 
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PLATE  33. 


Humber  of 

Figures. 

times 

magnified. 

1 

Centetes  ecaudatus  (3rd  stage) ;  nestling  Tenrec  ;  3|  inches 

long  ;  skull ;  lower  view . 

H 

2 

The  same  ;  upper  view . 

H 

3 

The  same ;  side  view . .  . 

H 

3a 

The  same  ;  lower  jaw  ;  end  view . 

H 

4 

The  same  ;  skull ;  end  view . 

Qi 

5 

The  same  ;  skull  in  section . 

H 

6 

The  same  ;  ossicula  and  tympanic  ;  inner  view  .... 

13i 

7 

The  same  ;  bones  (part) ;  outer  view . 

1  E— 
io3 

8 

The  same  ;  part  of  vomerine  region  ;  lower  view 

Qi 

d3 

9 

The  same  ;  hyoid  arch  ;  upper  view  .  .  .  . 

H 

10 

The  same  ;  nasal  labyrinth  ;  side  view . 

H 

'\er. 
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MR.  W.  K.  PARKER  OX  THE  SKULL  IN  THE  MAMMALIA. 


PLATE  34. 


Figures. 

Humber  of 
times 
magnified. 

1 

Hemicentetes  Madagascarensis ;  sub-aclult  ;  skull ;  lower 

view . 

H 

2 

The  same  ;  upper  view . 

H 

3 

The  same  ;  side  view . 

H 

4 

The  same  ;  end  view . 

H 

5 

The  same  ;  lower  jaw  ;  end  view . 

Qi 

6 

Hemicentetes  nigrescens ;  sub-adult ;  hyoid  arch  ;  inner 

view . 

* 

The  same ;  ethmo-septal  region . 

8 

The  same  ;  with  vomers  in  situ . 

H 

9 

The  same  ;  ossicula  and  tympanic  ;  inner  view  .... 

15 

•  ji 
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MR.  W.  K.  PARKER  OX  THE  SKULL  IX  THE  MAMMALIA. 


PLATE  35. 


Figures. 

Humber  of 
times 
magnified. 

1 

Microgale  longicaudata ;  adult ;  skull ;  lower  view 

kl 

°3 

2 

The  same  ;  upper  view . 

5  A 

J3 

3 

The  same  ;  side  view . 

A 

J3 

4 

The  same ;  end  view  of  lower  jaw . 

51 

°3 

5 

The  same  ;  skull ;  end  view . 

51 

J3 

6 

The  same  ;  hyoid  arch  ;  inner  view . 

* A 
u  3 

7 

The  same  ;  malleus  and  tympanic  ;  inner  view  .... 

2  If 

8 

The  same  ;  incus  and  stapes  ;  inner  view . 

2  If 

9 

The  same  ;  incus  ;  outer  view . 

2  If 

10 

The  same  ;  meatus-cartilage . 

2  If 

11 

Ericulus  nigrescens ;  adult ;  lower  view  of  skull  (part)  . 

3f 
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PLATE  36. 


Figures. 

Number  of 
times 
magnified. 

1 

Rliynchocyon  cernei;  embryo;  4  inches  long;  skull; 

upper  view . 

3 

2 

The  same  ;  lower  view . 

3 

3 

The  same  ;  side  view . 

3 

4 

The  same  ;  endocranium ;  upper  view . 

3 

5 

The  same  ;  lower  view  . . 

3 

6 

The  same  ;  ossicula  audittrs  ;  inner  view . 

12 

7 

The  same  ;  ethmo-septal  region . 

aL 

^2 
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MR.  W.  K.  PARKER  ON  THE  SKULL  IN  THE  MAMMALIA 


PLATE  37. 


Number  of 

Figures. 

times 

magnified. 

I 

Galeopithecus  volans  (1st  stage) ;  embryo;  5^  inches  long  ; 

skull ;  lower  view . . . 

oi. 

"  3 

2 

The  same  ;  upper  view . 

92. 

•"3 

3 

The  same  ;  end  view . 

2f 

4 

The  same  ;  ossicula  auditus  ;  outer  view . 

6 

5 

The  same  ;  concha  auris . 

3 

6 

Galeopithecus  philippensis  (2nd  stage) ;  young  ;  8  inches 

long  ;  skull ;  lower  view . 

If 

7 

The  same  ;  end  view . 

If 

8 

The  same  species  (3rd  stage) ;  larger  young ;  part  of 

skull ;  lower  view . 

91 

-‘■i 

1 
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MR.  W.  K.  PARKER  ON  THE  SKULL  IN  THE  MAMMALIA. 


PLATE  38. 


Number  of 
times 
magnified. 

Galeopithecus  volans  (1st  stage);  embryo;  5^  inches  long; 

skull ;  side  view . 

2f 

The  same  ;  lower  jaw  ;  inner  view . 

•?2. 

"  3 

The  same  ;  hyoid  arch  ;  upper  view . 

Galeopithecus  philippensis  (2nd  stage);  young;  8  inches 

4 

long  ;  skull ;  side  view . 

Id 

D 

The  same  ;  lower  jaw  ;  end  view . 

The  same  ;  hyoid  arch  ;  upper  view . 

:  ! 

Same  species  (3rd  stage)  ;  section  of  skull  .  .  .  . 

If 

The  same  ;  hyoid  arch  ;  upper  view . 

3 

Same  species  (4th  stage);  adult ;  hyoid  arch  ;  side  view  . 
The  same  ;  upper  view . 

3 

3 
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3\IB.  W.  K.  PARKER  OK  THE  SKULL  IK  THE  MAMMALTA. 


PLATE  39. 


Kumber  of 

Eigures. 

times 

magnified. 

1 

Galeopithecus  volans  (1st  stage) ;  endocranium;  lower  view 

2f 

2 

The  same  ;  upper  view . 

2| 

3 

Galeopithecus  philippe.nsis  (4th  stage);  adult;  section  of 

skull  . . 

H 

4 

The  same  ;  end  view.  . . 

H 

5 

The  same  ;  front  view  . . 

2 

G 

The  same  ;  vertical  section  of  temporal  region  .... 

3 

7 

The  same  ;  ossicula  auditus  ;  outer  view . 

8 

8 

The  same  ;  lower  view  of  skull,  with  part  sawn  away . 

3 
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In  a  paper  published  in  the  Philosophical  Transactions  for  1884  (Part  II.,  pp.  343- 
361),  I  have  deduced  from  Maxwell’s  equations  for  the  electromagnetic  field  the 
mode  in  which  the  energy  moves  in  the  field.  The  result  there  obtained  is  that  the 
energy  moves  at  any  point  perpendicularly  to  the  plane  containing  the  directions  of 
the  electric  and  magnetic  intensities,  and  in  the  direction  in  which  a  right-handed 
screw  would  move  if  turned  round  from  the  positive  direction  of  the  electric  intensity 
to  the  positive  direction  of  the  magnetic  intensity.  The  quantity  crossing  the  plane 
per  unit  area  per  second  is  equal  to  the  product  of  the  two  intensities  multiplied  by 
the  sine  of  the  included  angle  divided  by  47r.t 

Hence  it  follows  that  the  energy  moves  along  the  intersections  of  the  two  sets  of 
level  surfaces,  electric  and  magnetic,  where  they  both  exist,  their  intersections  giving, 
as  it  were,  the  lines  of  flow.  In  the  particular  case  of  a  steady  current  in  a  wire 

[Added  July  15. — Since  the  reading  of  the  paper  I  have  found  a  remarkable  passage  in  Faraday’s 
Experimental  Researches,’  vol.  1,  p.  529,  §  1659,  which  I  give  below.  The  words  I  have  put  in  italics 
might  be  regarded  as  the  starting  point  of  the  views  which  I  have  attempted  to  develop  in  this  paper. 

§  1659.  According  to  the  beautiful  theory  of  Ampere,  the  transverse  force  of  a  current  may  be  repre¬ 
sented  by  its  attraction  for  a  similar  current  and  its  repulsion  of  a  contrary  current.  May  not  then  the 
equivalent  transverse  force  of  static  electricity  be  represented  by  that  lateral  tension  or  repulsion  which 
the  lines  of  inductive  action  appear  to  possess  (1304)  ?  Then,  again,  when  current  or  discharge  occurs 
between  two  bodies,  'previously  under  inductrical  relations  to  each  other,  the  lines  of  inductive  force  will 
iveahen  and  Jade  away,  and,  as  their  lateral  repulsive  tension  diminishes,  will  contract  and  ultimately  dis¬ 
appear  in  the  line  of  discharge.  May  not  this  be  an  effect  identical  with  the  attractions  of  similar 
cunents,  i.e.,  may  not  the  passage  of  static  electricity  into  current  electricity,  and  that  of  the  lateral 
tension  of  the  lines  of  inductive  force  into  the  lateral  attraction  of  lines  of  similar  discharge,  have  the 
same  relation  and  dependence,  and  run  parallel  to  each  other  ?  ”] 

T  I  heie  adopt  the  simpler  term  “  Electric  Intensity,”  denoted  by  E.I.,  instead  of  “  Electromotive 
Intensity,  for  the  force  wrhich  would  act  on  a  small  body  charged  with  unit  of  positive  electrification. 

lhe  magnetic  intensity,  i.e.,  the  force  which  would  act  on  a  unit  north-seeking  Pole,  will  be  denoted 
by  M.I. 

MDCCCLXXXV.  o  t) 


278 


PROFESSOR  J.  H.  POYNTING-  ON  ELECTRIC  CURRENT  AND  THE 


where  the  electrical  level  surfaces  cut  the  wire  perpendicularly  to  the  axis,  it  appears 
that  the  energy  dissipated  in  the  wire  as  heat  comes  in  from  the  surrounding  medium, 
entering  perpendicularly  to  the  surface. 

In  that  paper  I  made  no  assumption  as  to  the  transfer  of  the  electric  and  magnetic 
inductions — the  electric  and  magnetic  conditions — through  the  medium,  merely  con¬ 
sidering  the  movement  of  energy.  I  now  propose  to  develop  a  hypothesis  as  to  the 
transfer  of  the  inductive  condition  in  the  medium,  and  its  movement  inwards  upon 
current-bearing  wires. 

The  value  of  the  electric  induction  at  any  point  in  an  isotropic  medium  is  equal  to 
K  X  RT./47T,  and  the  direction  of  the  induction  coincides  with  that  of  the  intensity. 
Maxwell  terms  this  electric  induction  “displacement,”  but  I  think  that  “induction” 
is  preferable,  as  it  implies  no  hypothesis  beyond  that  of  some  alteration  in  the  medium, 
which  can  be  described  by  a  vector.  The  value  of  the  magnetic  induction  is  equal  to 
p,  X  M.I.,  and  its  direction  coincides  with  that  of  the  magnetic  intensity. 

If  we  symbolise  the  electric  and  magnetic  conditions  of  the  field  by  induction  tubes 
running  in  the  directions  of  the  intensities,  the  tubes  being  supposed  drawn  in  each 
case  so  that  the  total  induction  over  a  cross ; section  is  unity,  then  we  have  reason  to 
suppose  that  the  electric  tubes  are  continuous  except  where  there  are  electric  charges, 
while  the  magnetic  tubes  are  probably  in  all  cases  continuous  and  re-entrant. 

In  the  neighbourhood  of  a  wire  containing  a  current,  the  electric  tubes  may  in 
general  be  taken  as  parallel  to  the  wire  while  the  magnetic  tubes  encircle  it.  The 
hypothesis  I  propose  is  that  the  tubes  move  in  upon  the  wire,  their  places  being 
supplied  by  fresh  tubes  sent  out  from  the  seat  of  the  so-called  electromotive  force. 
The  change  in  the  point  of  view  involved  in  this  hypothesis  consists  chiefly  in  this, 
that  induction  is  regarded  as  being  propagated  sideways  rather  than  along  the  tubes 
or  lines  of  induction.  This  seems  natural  if  we  are  correct  in  supposing  that  the 
energy  is  so  propagated,  and  if  we  therefore  cease  to  look  upon  current  as  merely 
something  travelling  along  the  conductor  carrying  it,  and  in  its  passage  affecting  the 
surrounding  medium.  As  we  have  no  means  of  examining  the  medium,  to  observe 
what  goes  on  there,  but  have  to  be  content  with  studying  what  takes  place  in 
conductors  bounded  by  the  medium,  the  hypothesis  is  at  present  incapable  of 
verification.  Its  use,  then,  can  only  be  justified  if  it  accounts  for  known  facts  better 
than  any  other  hypothesis. 

The  basis  of  Maxwell’s  Electromagnetic  Theory. 

Maxwell’s  Electromagnetic  Theory  rests  on  three  general  principles. 

I.  The  first  principle  consists  in  the  assumption  that  energy  has  position,  i.e.,  that 
it  occupies  space.  The  electric  and  magnetic  energies  of  an  electromagnetic  system 
reside  therefore  somewhere  in  the  field.  It  is  an  inevitable  conclusion  that  they  are 
present  wherever  the  electric  and  magnetic  intensities  can  be  shown  to  exist.  For 
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instance,  suppose  a  small  electrified  body  placed  in  a  field  where  there  is  electric 
intensity  ;  then  the  body  will  be  acted  on  by  force  and  will  receive  energy  which 
appears  as  the  energy  of  motion,  the  electric  energy  at  the  same  time  decreasing.  If 
energy  has  position  that  which  is  now  in  the  body  must  have  come  into  it  through 
the  surrounding  space,  or  it  was  present  in  that  space  before  the  body  took  it  up. 
The  alternative  that  it  appeared  in  the  body  without  passing  through  the  space 
immediately  surrounding  the  body  need  not  be  discussed.  Hence  the  existence  of 
electric  intensity  implies  the  existence  of  electric  energy  in  the  place  where  the 
electric  intensity  is  capable  of  manifestation.  Similarly  magnetic  energy  accompanies 
magnetic  intensity.  The  inductive  condition  of  the  medium  imagined  by  Faraday  is 
due  then  to  its  modification  when  containing  energy.  Maxwell  has  shown  that  all 
the  energy  is  accounted  for  on  the  supposition  that  the  electric  energy  per  unit 
volume  at  any  point  is  K(E.I.)3/87r,  and  that  the  magnetic  energy  is  p(M.I.)3/87r.  He 
has  given  in  his  ‘  Elementary  Treatise  on  Electricity/  p.  47,  another  way  of  describing 
the  distribution  of  energy  which  will  be  more  useful  for  my  purpose.  If  the  field  be 
mapped  out  by  unit  induction  tubes — either  electric  or  magnetic — i.e.,  tubes  drawn 
so  that  the  total  induction  over  every  cross  section  of  a  tube  is  unity,  and  if  these 
tubes  be  divided  into  cells  of  length  such  that  the  difference  of  potential  or  the  line 
integral  of  the  intensity  between  the  two  ends  of  each  cell  is  unity,  then  each  cell 

contains,  if  electric,  half  a  unit  of  energy,  if  magnetic  of  a  unit,  the  divisor  4-7T 

being  introduced  by  the  difference  in  definition  of  the  two  inductions.  Maxwell 
terms  these  unit  cells. 

II.  The  second  principle  is  in  part  experimental,  viz.: — that  the  line  integral  of 
the  electric  intensity  round  any  closed  curve  is  equal  to  the  rate  of  decrease  of  the 
total  magnetic  induction  through  the  curve.  This  is  verified  by  experiment  when  the 
curve  is  drawn  through  conducting  material.  Maxwell  supposes  it  to  be  true  in  all 
cases,  that  is,  he  supposes  that  electric  induction  can  be  produced  in  insulators  by 
means  of  magnetic  changes,  without  the  presence  of  charges  on  conductors,  and  is 
therefore  led  to  identify  the  growth  and  decrease  of  electric  induction  with  current. 

III.  The  third  principle  is  also  in  part  experimental,  viz.: — that  the  line  integral  of 
the  magnetic  intensity  round  any  closed  curve  is  equal  to  47tX  current  through  the 
curve.  This  is  verified  by  experiment  when  the  current  is  in  a  wire,  and  Maxwell 
supposes  it  to  be  also  true  in  the  case  where  there  is  change  of  electric  induction  in  an 
insulator.  The  supposition  is  justified  by  Prof.  Howland’s  well-known  experiment. 

From  these  three  principles  Maxwell  deduces  his  general  equations  of  the  Electro¬ 
magnetic  Field.  I  have  stated  them  in  full  as  I  propose  to  modify  the  second  and 
third  principles,  and  I  wish  to  make  quite  clear  the  nature  of  the  proposed  changes. 
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Modification  of  the  Second  Principle. 


I  propose  to  replace  the  second  principle  by  the  following  --  -Whenever  electromotive 
force  is  produced  by  change  in  the  magnetic  field,  or  by  motion  of  matter  through  the 
field,  the  E.M.F.  per  unit  length  or  the  electric  intensity  is  equal  to  the  number  of  tubes 
of  magnetic  induction  cutting  or  cut  by  the  unit  length  pier  second,  the  E.M.F.  tending 
to  produce  induction  in  the  direction  in  which  a  right-handed  screw  would  move  if 
turned  round  from  the  direction  of  motion  relatively  to  the  tubes  towards  the  direction 
of  the  magnetic  induction .* 

In  order  that  the  results  obtained  from  this  should  agree  with  those  obtained  from 
Maxwell’s  statement  of  the  principle,  it  is  necessary  that  change  in  the  total 
quantity  of  magnetic  induction  passing  through  a  closed  curve  should  always  be 
produced  by  the  passage  of  induction  tubes  through  the  curve  inwards  or  outwards. 
In  some  instances  this  is  undoubtedly  the  case,  as,  for  instance,  where  a  part  of  a 
circuit  moves  so  as  to  cut  a  fixed  magnetic  field,  or  where  a  magnet  moves  in  the 
neighbourhood  of  a  circuit.  Here  the  E.M.F.  is  equal  to  the  number  of  tubes  cut  by 
the  wire  per  second,  and  its  seat  is  that  part  of  the  wire  cutting  the  tubes.  In  other 
cases,  as,  for  instance,  where  the  wire  is  between  the  poles  of  an  electromagnet  whose 
magnetising  current  is  changing,  we  have  no  direct  experimental  evidence  of  the 
movement  of  the  induction  in  or  out.  But  the  induction  tubes  are  closed,  and  to 
make  them  thread  a  circuit  we  might  expect  that  they  would  have  to  cut  through  the 
boundary.  The  alternative  seems  to  be  that  they  should  grow  or  diminish  from 
within,  the  change  in  intensity  being  propagated  along  the  tubes.  This  would  be 
inconsistent  with  their  closed  nature,  unless  the  energy  were  instantaneously  pro¬ 
pagated  along  the  whole  length,  and  is  further  negatived  by  the  theory  of  the 
transfer  of  energy,  which  implies  that  the  energy  flows  transversely  to  the  direction 
of  the  tubes.  I  shall  suppose,  then,  that  alteration  in  the  quantity  of  magnetic 
induction  through  a  closed  curve  is  always  produced  by  motion  of  induction  tubes 
inwards  or  outwards  through  the  bounding  curve. 


*  Taking  the  electric  intensity  as  always  perpendicular  to  the  plane  of  motion  of  the  magnetic  tubes 
through  a  point,  and  equal  to  the  number  cut  per  second  by  unit  length  of  the  normal  to  the  plane  of 
motion,  we  can  easily  show  that  the  component  of  the  intensity  in  any  other  direction  will  be  equal  to 
the  number  of  tubes  cut  by  a  line  of  unit  length  in  that  direction.  For  let  OA  represent  a  small  length 
drawn  perpendicular  to  the  plane  of  motion,  and  let  OP  represent  a  line  drawn  in  any  direction  making 
0  with  OA.  Draw  AP  perpendicular  to  OA,  and  meeting  OP  in  P.  Then  the  same  number  of  tubes  will 
cut  both  OA  and  OP,  since  AP  is  parallel  to  their  plane  of  motion.  If  the  number  cutting  OA  be 
E  X  OA,  where  E  is  the  number  cutting  unit  length,  and  therefore  equal  to  the  resulting  intensity,  the 


number  cutting  unit  length  of  OP  will  be  ®  =  E  cos  or  the  component  of  the  intensity  along  OP. 
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Modification  of  the  Third  Principle . 

The  third  principle  admits  of  similar  analysis,  according  to  which  we  may  regard 
the  magnetic  intensity  along  a  closed  curve  as  due  to  the  cutting  of  the  curve  by 
tubes  of  electric  induction.  If  we  regard  the  line  integral  of  the  magnetic  intensity 
round  a  tube  of  induction  as  measuring  the  magnetomotive  force — employing  a  useful 
term  suggested  by  Mr.  Bosanquet — we  may  put  the  modification  in  the  following 
form  : — 

Whenever  magnetomotive  force  is  produced  by  change  in  the  electric  field,  or  by 
motion  of  matter  through  the  field,  the  magnetomotive  force  per  unit  length  is  equal  to 
477  X  the  number  of  tubes  of  electric  induction  cutting  or  cut  by  unit  length  per  second, 
the  magnetomotive  force  tending  to  produce  induction  in  the  direction  in  which  a  right- 
handed  screw  would  move  if  turned  round  from  the  direction  of  the  electric  induction 
towards  the  direction  of  motion  of  the  unit  length  relatively  to  the  tubes  of  induction. 

This  is  the  most  general  form  of  the  principle,  but  we  shall  only  require  the  more 
special  statement  which  immediately  follows  from  it  :  that  the  line  integral  of  the  M.I. 
round  any  curve  is  equal  to  477  X  the  number  of  tubes  passing  in  or  out  through  the 
curve  per  second. 

We  have  reasons  exactly  similar  to  those  given  in  the  last  case  for  supposing  that 
any  change  in  the  total  electric  induction  through  a  curve  is  caused  by  the  passage 
of  induction  tubes  in'  or  out  across  the  boundary.  The  alternative  that  change 
takes  place  by  propagation  from  the  ends,  seems  inconsistent  with  the  theory  of  the 
transverse  flow  of  energy. 

I  shall  postpone  the  discussion  of  the  modifications  of  the  general  equations  of  the 
electromagnetic  field  following  from  these  changes  in  the  fundamental  principles,  and 
proceed  to  discuss  the  bearing  which  they  have  upon  the  nature  of  currents  in 
conductors. 

A  straight  wire  carrying  a  stead, y  current. 

Let  AB  represent  a  wire  in  which  is  a  steady  current  from  A  to  B.  The  direction 
of  the  electric  induction  in  the  surrounding  field  near  the  wire,  if  the  field  be  homo¬ 
geneous,  is  parallel  to  AB. 

Let  E  be  the  value  of  the  electric  intensity,  or  the  difference  of  potential  per  unit 
length  perpendicular  to  the  level  surfaces,  and  let  R  be  the  resistance  of  the  wire  per 

E 

unit  length.  Then  C  =  p  where  C  is  the  current,  and  C  is  uniform  throughout  the 

circuit.  The  magnetic  intensity  in  the  immediate  neighbourhood  of  the  wire  at  a 

2C 

distance  r  from  the  axis  of  the  wire  is  — . 

r 

The  hypothesis  proposed  as  to  the  nature  of  the  current  is  that  C  electric  induction 
tubes  close  in  upon  the  wire  per  second.  The  wire  is  not  capable  of  bearing  a 
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continually-increasing  induction,  and  breaks  the  tubes  up,  as  it  were,  their  energy 
appearing  finally  as  heat.4' 

Fig.  1. 


Let  us  see  how  this  hypothesis  accounts  for  known  facts,  when  aided  by  the  two 
principles  just  laid  down. 

It  accounts  at  once  for  the  constancy  of  the  current  at  all  parts  of  the  wire  in  the 
steady  state,  in  so  far  as  it  reduces  this  constancy  to  a  particular  case  of  the  law 
according  to  which  there  is  the  same  total  induction  over  all  cross  sections  of  a  tube. 
If,  for  instance,  there  were  more  induction  entering  at  A  than  at  B,  then  more  tubes 
must  be  entering  at  A,  and  so  there  would  be  an  increase  in  the  number  of  tubes 
left  in  the  medium  about  B,  or  the  field  would  not  be  steady. 

Further,  if  we  draw  any  closed  curve  embracing  the  wire  once,  we  may  apply  the 
third  principle  to  give  us  the  line  integral  of  the  magnetic  intensity  round  the  curve. 
For  this  is  a  case  where  change  is  certainly  going  on  in  the  electric  field,  and  the 
magnetomotive  force  is  due  to  this  change.  The  field  being  steady,  if  C  tubes  enter 
the  wire  and  are  there  broken  up,  C  tubes  must  cross  through  any  encircling  curve  to 
supply  their  place,  or  the  line  integral  of  the  magnetic  intensity  round  the  curve  is 
equal  to  AnX  number  of  tubes  passing  through  the  boundary  per  second,  i.e.,  47tC. 
If  the  curve  be  a  circle  of  radius  r,  with  its  centre  in  the  axis  and  plane  perpendicular 
thereto,  the  intensity  at  any  point  of  this  circle  will  be  tangential  to  it,  and  equal  to 

4tt0  20 
2  7 rr  r 

The  known  constancy  of  the  line  integral  of  the  magnetic  intensity  round  the  wire, 
which  the  hypothesis  thus  accounts  for,  almost  seems  to  force  the  hypothesis  upon  us, 

*  May  we  not  say  that  the  tubes  are  dissolved.  The  term  seems  to  suggest  that  the  induction  is  not 
destroyed,  but  only  loses  its  continuity.  Probably  this  is  the  case ;  for  on  the  electromagnetic  theory  of 
radiant  energy,  when  the  wire  is  heated,  it  sends  out  the  energy  it  received,  again  in  the  electro¬ 
magnetic  form. 


i, 
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if  we  regard  the  field  as  caused  by  the  inward  flowing  of  the  energy  rather  than  by 
something  propagated  out  from  the  wire. 

Assuming  that  the  induction  tubes  bring  in  their  energy,  the  quantity  is  easily 
found.  The  number  of  unit  cells  per  unit  length  is  equal  to  the  difference  of  potential 

E 

per  unit  length,  or  E.  Hence  the  energy  per  unit  length  of  each  tube  is  -,  since  each 


cell  contains  a  half  unit.  If  C  tubes  disappear  in  the  wire  per  second  they  yield 
CE 

up  —  of  energy  per  unit  length.  How  the  total  energy  dissipated  per  unit  length 

is  CE  per  second.  Or  the  movement  inwards  of  the  electric  induction  will  only 
account  for  half  of  the  energy.  The  other  half  must  be  accounted  for  by  the  move¬ 
ment  inwards  of  the  magnetic  induction.  This  movement  of  the  magnetic  induction 
is  suggested  by  the  existence  of  electric  induction,  which  cannot  be  ascribed  to  statical 
charges. 

The  electric  intensity  is  E.  Hence  E  tubes  of  magnetic  induction  must  move  in  per 

second,  cutting  unit  length  parallel  to  the  axis  of  the  wire,  in  accordance  with  the 

second  principle,  and  it  will  easily  be  seen  that  the  inward  motion  gives  the  right 

direction  of  the  electric  intensity.  The  line  integral  of  the  magnetic  intensity  round  a 

tube  is  47tC,  the  tubes  being  closed  rings.  Hence  there  are  47tC  unit  cells  in  the  length. 

1  .  47tC  C 

Since  each  of  these  contains  —  of  energy  the  quantity  per  tube=  ^  =-.  E  tubes 

CE 

entering  the  wire  per  second  will  carry  in  0  of  energy,  the  other  half  to  be  accounted  for. 


We  can  in  a  similar  manner  trace  the  dissipation  of  the  energy,  which  we  must 
suppose  taking  place  within  the  wire.  The  line  integral  of  the  magnetic  intensity 
round  a  circle,  with  its  centre  in  the  axis  of  the  wire,  is  constant  up  to  the  wire, 
and  equal  to  47tC.  Within  the  wire  it  gradually  diminishes  as  the  circle  contracts. 

o 

V* 

At  a  distance  r  from  the  centre  it  is  AnC.—z  when  a  is  the  radius  of  the  wire,  If  we 

az 

assume  this  intensity  to  he  still  due  to  the  passage  inwards  of  the  tubes  of  electric 


induction  only,  —  cross  inwards  per  second  at  a  distance  r,  the  difference  between 

this  number  and  the  C  tubes  entering  the  outer  boundary  being  destroyed  and  their 
energy  dissipated.  The  energy  thus  dissipated  per  unit  length  between  the  outer 

per  second.  If  r=:0 

the  whole  of  the  electric  energy  is  dissipated.  It  would  appear,  then,  that  we  may 
represent  the  dissipation  of  the  electric  energy  by  the  total  destruction  of  the  tubes 
all  through  their  length. 

The  value  of  the  electric  intensity  being  E  throughout  the  wire  the  number  of  tubes 
of  magnetic  induction  cutting  unit  length  parallel  to  the  axis  is  the  same  at  all  parts, 
viz.,  E  per  second.  Hence,  the  magnetic  tubes  are  not  destroyed  as  the  electric  tubes 


EC 


boundary  and  a  coaxal  cylinder  of  radius  r  will  be  —  ( 1  — 
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are.  But  the  line  integral  of  the  magnetic  intensity  round  the  tubes  diminishes  as 


GV2 


they  approach  the  axis,  being  47t  —  round  that  at  distance  r.  The  number  of  unit  cells 

diminishes,  and,  therefore,  the  energy  per  tube  is  less,  the  decrease  being  due  to  that 

4ttCE 

dissipated.  Thus  the  energy  entering  in  the  E  tubes  at  the  outer  boundary  is 


C7T 


CE  .  .  .  4vr  Cr2 

or  — .  That  crossing  m  E  tubes  at  a  distance  r  is  - - r 

2  &  87 r  a~ 


E  = 


CE  ?-2 


Z  Ob 


The  difference 


CE  /  r3\  ,  ..  . 

-y-(l —  ,)  being  dissipated. 

Hence  it  appears  that  the  energy  dissipated  per  second  may  be  represented  as  half 
electric  half  magnetic,  the  electric  energy  being  dissipated  by  the  breaking  up  of  the 
tubes,  and  their  disappearance  while  the  magnetic  energy  is  dissipated  by  the 
shortening  of  the  tubes,  and  their  final  disappearance  by  contraction  to  infinitely  small 
dimensions  of  the  diameters  of  the  rings  by  which  we  may  represent  them.  At  all 
points  therefore  outside  and  inside  the  energy  crossing  any  surface  may  be  represented 
as  equally  divided  between  the  two  kinds. 

As  we  know  the  value  of  the  induction  at  any  point,  or  the  number  of  tubes  passing 
through  unit  area,  and  as  we  also  know  the  number  of  tubes  cutting  the  boundary  it 
is  easy,  on  the  assumption  that  the  tubes  move  on  unchanged,  to  calculate  their  velocity. 
Of  course  this  velocity  is  purely  hypothetical,  as  we  cannot  examine  minutely  into  the 
medium  and  observe  what  goes  on  there.  Probably,  if  we  could  observe  with  sufficient 
minuteness  wre  should  find  unevennesses  in  the  induction.  If  the  velocity  of  the  tubes 
has  any  physical  meaning  it  is  that  these  unevennesses  are  carried  forward  with  that 
velocity.  To  illustrate  this  let  us  suppose  that  we  have  water  flowing  through  a  glass 
tube  at  a  steady  rate.  We  have  nothing  to  show  that  the  water  is  moving  past  any 
point  in  the  tube  beyond  its  disappearance  at  the  entrance  and  its  appearance  at  the 
exit,  but  knowing  the  cross  section  of  the  tube,  i.e.,  the  quantity  of  water  in  any  part 
of  it,  and  the  quantity  entering  and  leaving  it  is  easy  to  assign  a  velocity  to  the  water 
in  the  tube  which  shall  account  for  the  observed  amount  entering  and  leaving’.  This 
velocity  is  to  a  certain  extent  hypothetical.  But  if  we  examine  the  tube  with  a 
sufficient  magnifying  power  to  show  particles  of  dust  in  the  water  the  existence  of  the 
velocity  receives  a  more  direct  proof.  I  do  not  know  whether  we  should  have  any 
right  to  expect  a  similar  proof  of  the  motion  of  induction  even  if  we  had  the  means  of 
observation. 

To  find  the  hypothetical  velocity  of  the  electric  induction  tubes  let  us  calculate  the 
number  of  tubes  passing  through  a  circular  band  with  radii  r  and  r-\-dr  and  centre  in 
the  axis  of  the  wire,  and  lying  in  a  plane  perpendicular  to  the  axis.  The  intensity 

IvE 

being  E  the  induction  is  ,  and  therefore  the  area  of  cross  section  of  each  tube  is 
7r~,  since  area  X  induction  is  unity.  The  number  passing  through  the  circular  band 


KE 


KE 


is  therefore  Zirrclr-  ,  —  - 

*±7 T 


IvE  rdr 
9 
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Since  C  tubes  move  in  through  the  inner  circle  per  second, 


KE  rdr 
9 


tubes  move  in 


m 


KE  rdr 
2C 


of  a  second,  i.e.,  all  the  tubes  passing  through  the  band  will  have  just  moved 


KE  rdr 
2C  ’ 


in  in  this  time.  The  outermost  tubes  therefore  describe  the  space  dr  in  time 

2C 

or  the  velocity  is  r— -.  Now  we  know  that  if  It  be  the  resistance  per  unit  length 


E 


C  =  — .  Hence  we  may  put  the  velocity  in  the  form 

Ja 

2  1 

krV 

which  is  independent  of  the  current. 

To  take  a  special  case  let  us  calculate  the  velocity  just  outside  the  boundary  of  a 
copper  wire,  the  specific  resistance  of  copper  being  1642  in  electromagnetic  measure. 
Then  if  a  be  the  radius  of  the  wire 

1642 


R= 


TTCr 


and  K=—  where  v  is  the  ratio  of  the  units,  which  in  air  may  be  taken  as  3  X  1010. 
Then  the  velocity 


2v27TO2 


1642a 

2  x  9  x  HPtto 
1642 

=  345  X  1016a 


At  greater  distances  the  velocity  will  be  less,  diminishing  according  to  the  inverse 
distance. 

The  hypothetical  velocity  of  propagation  of  the  magnetic  induction  may  be  calcu- 
lated  in  a  similar  manner.  The  intensity  at  a  distance  r  from  the  axis  is  —  and  the 

induction  is  ~~~  The  area  of  each  tube  is  therefore  and  the  number  lying  in  a 
ring  of  rectangular  section  with  depth  unity  and  internal  and  external  radii  r  and 
r-\-dr,  will  be  1  X  dr- 


r  2fjbQ>dr 


2/^C  dr 


2/jlC  r 

But  E  tubes  move  in  per  second  through  the  inner  face  of  the  ring,  so  that 

tubes  move  in  in  time  or  this  is  the  time  taken  by  the  outermost  tubes  to  move 

E?’  J 

across  the  ring  describing  a  distance  dr.  The  velocity  is  therefore 

Er _ Hr 

2^C~2/x 

which  is  again  independent  of  the  current. 
mdccclxxxv.  2  p 
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If  the  current -bearing  wire  is  copper.  E,=  — p,  and  with  g=l  the  velocity  becomes 

1642-r 

2tt«2 


We  cannot  assign  a  velocity  to  the  electric  tubes  within  the  wire  since  the  number 
is  diminishing  as  their  energy  dissipates.  But  the  magnetic  tubes  crossing  unit  length 
parallel  to  the  axis  are  still  unchanged  in  number,  so  that  we  may  assign  a  velocity  to 
them.  This  velocity  means  that  with  the  known  value  of  the  magnetic  induction  this 
velocity  will  give  the  number  crossing  inwards  required  to  produce  electric  intensity  E. 


E  a? 


The  velocity  will  be  found  equal  to  _-y—  or 
In  the  case  of  a  copper  wire  this  becomes 


R a? 

2  fir 


1642 

2/jbTrr 

Discharge  of  a  condenser  through  a  fine  wire. 

Let  us  suppose  that  we  have  a  condenser  consisting  of  two  parallel  plates  A  and  B 
and  charged  with  equal  and  opposite  charges.  Then  we  know  that  there  will  be 
electric  induction  between  the  two  plates,  and  that  according  to  Maxwell’s  theory 
the  energy  of  the  system  is  stored  there.  We  may  form  an  idea  of  the  distribution 
of  the  energy  by  drawing  the  unit  induction  tubes,  each  starting  from  and  ending  in 
unit  quantity  of  electricity,  and  dividing  these  into  unit  cells  by  the  level  surfaces, 
drawn  at  unit  difference  of  potential  (fig.  2).  If  the  dimensions  of  the  plates  be 


Fig.  2. 


great  compared  with  their  distance  apart,  then  nearly  all  the  cells  will  be  between 
the  two  plates,  and  since  each  cell  contains  half  a  unit  of  energy,  nearly  all  the  energy 
is  there.  There  will,  however,  be  slight  induction,  and  therefore  some  small  quantity 
of  energy  in  the  surrounding  space. 
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Now  let  the  two  plates  be  connected  by  a  wire.  Discharge  takes  place,  and  we  are 
fairly  justified,  from  the  heat  in  the  wire  and  the  transient  magnetic  effects,  in  saying 
that  a  current  has  been  in  the  wire  from  the  positive  to  the  negative  plate,  or  the 
wire  was  for  the  time  being  in  the  same  relation  to  the  surrounding  medium  as  the 
wire  in  the  case  just  considered,  the  condition  of  affairs,  however,  not  being  steady. 

Let  us  suppose  the  wire  to  have  a  very  great  resistance,  in  order  that,  at  least  in 
imagination,  we  may  lengthen  out  the  time  of  discharge.  On  the  ordinary  current 
theory,  combined  with  Maxwell’s  “displacement”  theory,  the  medium  between  the 
plates  has  returned  from  the  strained  condition,  denoted  by  “  displacement  ”  from  the 
positive  to  the  negative  plate,  causing  displacement  through  the  plates  and  along  the 
wire,  the  displacement  being  in  the  same  direction  all  round  the  circuit.  This  is 
generally,  I  think,  supposed  to  take  place  by  the  recovery  of  the  medium  between 
the  plates  causing  displacement  in  the  metal  immediately  in  front  of  it,  the  displace¬ 
ment  being  analogous  to  the  forcing  of  water  along  a  pipe  corresponding  to  the  plates 
and  wire,  by  the  recovery  from  strain  of  some  substance  placed  in  a  chamber 
corresponding  to  the  space  between  the  plates. 

According  to  the  hypothesis  here  advanced  we  must  suppose  the  lessening  of  the 
induction  between  the  plates — induction  being  used  with  the  same  physical  meaning 
as  Maxwell’s  displacement — to  take  place  by  the  divergence  outwards  of  the 
induction  tubes.  We  may  picture  them  as  taking  up  the  positions  of  successive  lines 
of  induction  further  and  further  away  from  the  space  between  the  plates,  their  ends 
always  remaining  on  the  plates.  They  finally  converge  on  the  wire,  and  are  then 
broken  up  and  their  energy  dissipated  as  heat.  At  the  same  time  some  of  the  energy 
becomes  magnetic,  this  occurring  as  the  difference  of  potential  between  the  plates 
lowers,  so  that  the  tubes  contain  fewer  unit  cells. 

The  magnetic  energy  will  be  contained  in  ring-shaped  tubes  which  will  expand  from 
between  the  plates  and  then  contract  upon  some  other  part  of  the  circuit.  To 
illustrate  the  movement  of  the  electric  induction  tubes  let  us  suppose  them  to  be 
represented  by  elastic  strings  stretched  between  the  two  plates.  Then  the  motion  of 
the  tubes  outwards  would  be  roughly  represented  by  pulling  the  elastic  strings 
outwards  and  doubling  them  back  close  against  the  wire,  their  ends  being  still 
attached  to  the  plates.  It  is  evident  that  if  any  ring  surround  the  wire  each  of  the 
strings  must  break  through  it  in  order  to  reach  the  wire.  Hence  the  total  number  of 
strings  cutting  any  ring  surrounding  the  wire  is  the  same  wherever  the  ring  be  placed. 
Similarly  the  total  number  of  tubes  of  electric  induction  cutting  any  curve  encircling 
the  wire  is  the  same,  and  therefore  the  line  integral  of  the  magnetic  intensity  round 
the  curve  integrated  throughout  the  time  of  discharge  is  the  same,  or  the  total  magnetic 
effect  is  the  same  at  all  parts  of  the  circuit.  It  is  not  necessary  to  suppose  that  a 
tube  enters  the  wire  at  the  same  moment  throughout  its  whole  length ;  indeed,  the 
experiments  of  Wheatstone  on  the  so-called  velocity  of  electricity  prove  clearly  that 


2  p  2 
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this  is  not  the  case,  for  in  those  experiments  the  tubes  reached  air  breaks  near  the 
two  ends  of  the  wire  before  they  reached  a  break  in  the  middle. 

We  cannot  by  this  general  reasoning  show  that  the  energy  entering  any  length  of 
the  wire  will  be  proportional  to  the  resistance  of  that  length — the  result  obtained  by 
Riess.  Indeed,  this  cannot  always  be  the  case.  For  instance,  imagine  a  condenser 
discharged  by  two  wires  connected  to  the  two  plates  of  another  condenser  of  greater 
capacity,  whose  plates  are  again  connected  by  a  fine  wire  of  enormous  resistance, 
through  which  the  discharge  can  only  take  place  slowly.  Then  the  energy  dissipated 
in  the  wires  will  not  to  a  first  ajiproximation  depend  on  their  resistances  but  on  the 
ratios  of  the  capacities,  that  in  the  wire  of  high  resistance  bearing  to  that  in  the  other 
wires  the  ratio  of  the  less  capacity  to  the  greater.  Probably  Riess’s  results  only  hold 
when  the  discharge  takes  place  in  such  a  way  that  it  may  be  looked  upon  at  any  one 
moment  as  approximately  in  the  steady  state. 

We  have  shown  that  the  magnetic  measure  of  the  total  current  is  the  same  all  along 
the  wire.  Probably  also  the  chemical  measure  is  the  same — meaning  by  the  chemical 
measure  whatever  interchanging  or  turning  round  of  molecules  may  occur  when 
induction  takes  place  in  a  conductor.  For  even  if  a  tube  does  not  enter  the  wire  at 
the  same  time  throughout  its  length,  an  end  part,  say,  entering  first,  the  point  of 
attachment  of  the  tube  to  the  conductor  being  transferred  from  the  plate  to  somewhere 
along  the  wire,  this  transference  of  the  point  of  attachment  from  molecule  to  molecule 
implies  the  same  amount  of  chemical  change  within  the  wire  as  if  the  tube  entered 
all  at  the  same  moment.  It  will  not,  however,  take  place  equally  throughout  the 
cross  section  as  it  does  in  the  steady  state. 

Probably  we  only  have  the  simultaneous  disappearance  of  all  parts  of  a  tube  when 
the  wire  follows  a  line  of  electric  induction,  and  has  its  resistance  per  unit  length 
proportional  to  the  intensity  which  would  exist  there  if  the  wire  were  removed. 

The  hypothesis  here  advanced  is  in  accordance  with  Maxwell’s  doctrine  of  closed 
currents.  For  the  induction  dissipated  at  one  part  of  the  circuit  has  come  there  from 
another  part  where  relatively  to  the  circuit  it  ran  in  the  opposite  direction.  The  total 
result  is  equivalent  to  the  addition  of  so  many  closed  induction  tubes  to  the  circuit, 
the  induction  running  the  same  way  relatively  to  the  circuit  throughout. 

If  the  two  plates  of  the  condenser  are  not  connected  by  a  wire  but  are  discharged 
gradually  by  the  imperfect  insulation  of  the  dielectric,  then  we  must  suppose  that  the 
tubes  of  induction  in  this  case  are  dissipated  in  situ,  the  induction  simply  decaying  at 
a  rate  depending  on  its  amount  and  upon  the  conductivity  of  the  dielectric.  We  may 
still  represent  this  process  by  a  closed  current  by  regarding  the  loss  of  induction 

^Maxwell’s  —  and  the  quantity  of  induction  dissipated  (Maxwell’s  p),  as 

df 

two  different  quantities.  We  have  then  P+~y  —  0  or  we  have  two  equal  and  opposite 
currents.  But  this  seems  artificial.  It  is  more  natural  to  look  upon  the  process 


ELECTRIC  AND  MAGNETIC  INDUCTIONS  IN  THE  SURROUNDING  FIELD.  289 


merely  as  a  decay  of  electric  induction  without  movement  inwards  of  fresh  induction 
tubes,  and  therefore  without  the  formation  of  magnetic  induction. 

I  have  discussed  the  case  of  discharge  of  a  condenser  at  some  length,  as  we  can 
here  realise  more  easily  what  goes  on  at  the  source  of  energy.  The  results  obtained 
suggest  that  a  similar  action  occurs  at  the  source  of  energy  or  seat  of  the  electromotive 
force  in  other  cases  where  we  do  not  know  the  distribution  of  induction,  and  are 
obliged  to  guess  at  the  action. 

A  circuit  containing  a  voltaic  cell. 

We  may  pass  on  from  the  discharge  of  a  condenser  to  the  consideration  of  the 
current  in  a  circuit  containing  a  voltaic  cell.  The  chemical  theory  of  the  cell  will  be 
here  adopted — in  fact,  the  hypothesis  I  am  endeavouring  to  set  forth  has  no  meaning 
on  the  voltaic  metal-contact  theory. 

Let  us  suppose  the  cell  to  consist  of  zinc  and  copper  plates,  a  vessel  of  dilute 
sulphuric  acid,  and  copper  wires  attached  to  each  plate  which  on  junction  complete  the 
circuit.  For  simplicity  I  shall  disregard  the  effect  of  the  air  and  suppose  that  it  is  a 
neutral  gas  causing  no  induction. 

We  shall  begin  by  supposing  the  circuit  open.  Then  we  know  that  on  immersion 
there  will  be  temporary  currents  in  the  wires,  the  quantities  of  these  currents  depend¬ 
ing  on  the  electrostatic  capacity  of  the  system  composed  of  the  wires.  The  currents 
last  till  the  wires  have  received  charges  such  that  they  are,  say  at  difference  of 
potential  V.  If  the  terminals  are  connected  to  a  condenser  the  temporary  currents 
may  be  easily  detected  by  a  galvanometer  in  the  circuit.  They  are  in  no  way  to  be 
distinguished  in  kind  from  the  permanent  current  which  will  be  established  when  the 
circuit  is  complete,  except  that  they  are  of  short  duration  and  in  general  very  small. 
There  is  no  reason  then  to  suppose  that  the  action  in  the  cell  is  different  from  that 
which  takes  place  when  the  current  is  permanent,  and  I  think  we  may  safely  assume 
that  Faraday’s  law  of  electrolysis  holds  according  to  which  the  quantity  of  electricity 
flowing  along  either  wire  is  proportional  to  the  quantity  of  chemical  action — or,  in  the 
form  appropriate  here,  the  number  of  tubes  of  induction  produced  is  proportional  to 
the  quantity  of  chemical  action. 

Let  Q  be  the  total  quantity  of  electricity  upon  the  positive  terminal ;  then  is 
the  total  energy  thrown  out  into  the  dielectric. 

Let  z  be  the  quantity  of  zinc  consumed  per  unit  of  electricity,  then  Qz  is  the  total 
quantity  consumed  in  the  charging  of  the  terminals.  Let  E  be  the  energy  set  free  by 
each  quantity  2  of  zinc  consumed,  after  all  actions  in  the  cell  have  been  provided  for. 
E  then  is  the  E.M.F.  which  the  cell  will  have  on  the  closure  of  the  circuit,  as  long  as 
the  chemical  actions  remain  the  same,  for  z  corresponds  to  the  passage  of  a  unit  of 
electricity  or  the  production  of  one  tube,  and  we  know  that  the  energy  set  free  by 
C  units  is  CE. 
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Now  while  the  charges  are  gathering  and  while  the  potential  difference  of  the 
terminals  is  gradually  increasing,  the  energy  required  to  add  equal  increments  of 
charge  will  also  increase,  and  the  charging  will  cease  when  the  amount  of  energy 
given  up  by  a  given  amount  of  chemical  action  in  the  cell  is  equal  to  the  amount 
required  to  add  the  corresponding  charge  to  the  terminals.  For  to  suppose  the 
action  to  go  beyond  this  is  to  suppose  that  the  energy  thrown  out  into  the  space 
between  the  terminals  is  greater  than  that  yielded  by  the  battery. 

Let  clQ  be  the  last  quantity  of  charge  added  to  the  terminals.  This  requires 
energy  VdQ. 

The  corresponding  quantity  of  zinc  consumed  is  zdQ,  giving  up  energy  EcZQ. 

The  condition  of  equilibrium  is  that 

VcZQ=EcZQ 

or 

V=E 

which  agrees  with  the  result  of  experiment  that  the  difference  of  potential  of  the 
terminals  in  open  circuit  is  equal  to  the  E.M.F.  of  the  cell  immediately  after  closure. 

It  may  be  noticed  that  the  total  quantity  of  energy  extracted  from  the  battery  is 

QE=QV 

while  the  electric  energy  left  in  the  medium  is 

QV 

2 

or  half  the  energy  has  been  converted  into  heat  in  the  wires. 

We  will  now  consider  the  distribution  of  level  surfaces  in  the  field  while  the  circuit 
is  still  open.  There  will  be  V  —  1  surfaces  between  the  terminals  dividing  each  tube 
into  Y  cells.  None  of  these  will  cut  the  homogeneous  parts  of  the  circuit,  since  the 
whole  of  each  of  these  must  be  at  one  and  the  same  potential. 

They  can  only  cut  the  circuit  by  passing  through  the  regions  where  there  is  contact 
of  dissimilar  bodies.  We  will  neglect  the  contact  of  the  zinc  and  copper,  as  the 
difference  of  potential  there  is  insignificant  compared  with  that  at  the  two  surfaces, 
zinc-acid  and  copper-acid. 

Now  we  know  that  the  energy  of  the  cell  is  put  out  at  the  zinc-acid  contact,  but 
the  amount  is  greater  than  that  obtained  from  a  consideration  of  the  E.M.F.  of  the 
cell,  for  some  energy  is  absorbed  again,  probably,  at  the  copper-acid  contact  in  the 
evolution  of  hydrogen.  There  is  probably,  then,  induction  between  the  acid  and  the 
zinc,  and  between  the  acid  and  the  copper,  these  resembling  the  spaces  between  the 
plates  of  two  condensers,  the  acid  being  at  a  higher  potential  than  either.  But  if 
a  given  amount  of  induction  disappears  from  the  zinc-acid  contact  and  appears  at  the 
terminals,  more  energy  is  lost  at  the  former  than  appears  at  the  latter.  Hence  all  the 
cells  have  not  been  transferred  from  one  to  the  other,  or  the  difference  of  potential 
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zinc-acid  is  greater  than  V.  Then  more  than  V  —  1  level  surfaces  pass  between  the 
zinc  and  the  acid,  the  excess  over  V—  1  going  round  and  passing  between  the  copper 
and  the  acid,  somewhat  as  in  fig.  3,  wLere  A,  B,  are  the  metal  plates.  The  surfaces 


Fig.  3. 


are  roughly  sketched  and  numbered,  on  the  supposition  that  the  zinc  terminal  is  at  0, 
the  copper  at  5,  and  the  acid  at  8.  They  have  probably  the  same  shape  as  those  which 
would  be  produced  by  condensers  at  A  and  B  with  the  wires  attached,  respectively,  to 
one  terminal  of  each,  the  other  terminals  being  connected  together  and  the  charges 
adjusted,  so  that  the  difference  of  potential  of  the  two  terminals  at  A  was  3,  while  that 
at  B  was  8. 


Fig.  4. 


Let  us  now  suppose  the  circuit  closed.  Then  the  level  surface  will  cut  the  circuit 
at  various  points,  somewhat  as  in  fig.  4. 
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The  energy  being  dissipated  in  the  wire,  the  cell  will  continually  send  out  fresh 
energy,  the  induction  tubes,  which  proceed  from  the  acid  to  the  zinc,  diverging  out¬ 
wards  in  the  same  way  as  described  in  the  discharge  of  a  condenser.  They  bend 
round,  and  finally  go  into  the  circuit,  the  energy  they  carry  being  used  for  the 
necessary  molecular  changes,  and  finally  appearing  as  heat  in  the  circuit — except  at 
the  copper-acid  contact  where  there  is  a  crowding  in  of  level  surfaces,  and  therefore  a 
convergence  of  more  energy,  which  is  recpfired  to  set  the  hydrogen  free. 

At  the  same  time  magnetic  ring-shaped  tubes  will  be  continually  sent  out  from  the 
zinc-acid  contact,  expanding  for  a  time  and  then  contracting  again  on  various  parts  of 
the  circuit  and  also  giving  up  their  energy. 

There  is,  therefore,  a  convergence  of  tubes  of  electric  induction  on  the  circuit,  running 
in  the  same  direction  throughout,  viz.,  from  copper  to  zinc  outside  the  cell,  and  from 
zinc  to  copper  inside,  except  between  the  zinc  and  acid,  where  there  is  a  divergence 
of  tubes  in  which  the  induction  runs  in  the  opposite  way.  But  a  divergence  of 
negative  tubes  causes  magnetic  intensity  in  the  same  direction  as,  and  may  therefore 
be  considered  as  equivalent  to,  a  convergence  of  positive  tubes.  The  current  may 
therefore  be  said  to  go  round  the  circuit  in  the  same  way  throughout. 

The  tendency  to  a  steady  state  in  which  the  current  or  the  number  of  induction 
tubes  broken  up  per  second  is  the  same  at  all  parts  of  the  circuit,  admits  of  simple 

£ 

explanation.  We  know,  as  the  result  of  experiment  given  by  Ohm’s  law,  that  C=- 

where  R  is  the  resistance  per  unit  length  and  E  the  electric  intensity.  Until  we 
can  explain  the  molecular  working  of  the  current,  i.e.,  the  mode  in  which  the 
induction  tubes  are  broken  up,  we  must  accept  Ohm’s  law  as  a  simple  fact.  Let  us 
suppose  that  we  have  not  yet  arrived  at  the  steady  state,  so  that  in  some  part  of  the 
circuit  the  electric  intensity  is  less  than  in  the  steady  state,  while  in  another  part  it 
is  equal  to  it  or  greater.  Let  the  steady  value  of  the  intensity  be  E,  the  actual  value 
in  the  former  part  E',  and  in  the  latter  E".  By  Ohm’s  law  the  number  of  tubes 
absorbed  by  the  wire  per  second  is  given  by  C'  =  E'/R,  and  C"  =  E"/E,  in  the  two 
parts  respectively,  so  that  O'  <  C"  since  E'  <  E''  or  less  tubes  are  being  destroyed  in 
the  first  than  in  the  second  part.  But  all  the  tubes  are  sent  out  from  the  source  of 
the  energy,  and  are  only  destroyed  in  the  circuit,  being  otherwise  continuous  and 
with  their  two  ends  in  the  circuit.  Hence,  if  more  tubes  are  destroyed  at  one  part 
than  another,  the  parts  of  the  tubes  not  yet  destroyed  will  gather  in  the  medium 
surrounding  the  part  where  fewer  are  destroyed,  increasing  the  induction  there,  and 
so  raising  the  intensity  in  the  wire  and  therefore  the  number  of  tubes  destroyed. 
The  field  can  evidently  only  be  steady  when  the  number  of  tubes  destroyed  in  all 
parts  of  the  circuit  is  the  same. 

But  it  does  not  follow  that  in  the  steady  state  each  tube  enters  the  wire  along  its 
whole  length  at  the  same  moment.  This  would  imply  that  the  axis  of  the  wire  is  a 
line  of  electric  induction  perpendicular  everywhere  to  the  level  surfaces.  If  we  draw 
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the  level  surfaces  due  to  the  seats  of  induction  at  the  contacts  of  acid  and  metal, 
they  will  probably  be  somewhat  as  drawn  in  fig.  4.  If  now  the  wire  is  not  so 
arranged  as  to  follow  with  properly  adjusted  resistances  a  line  of  induction  for  these 
surfaces,  but  pursues  an  irregular  course,  then  the  level  surfaces  will  be  much 
distorted,  and  the  distribution  of  the  induction  will  be  greatly  altered. 

We  may  ascribe  this  alteration  to  a  distribution  of  electricity  along  the  wire,  the 
quantity  in  any  small  area  on  the  surface  of  the  wire  being  equal  to  the  difference 
between  the  number  of  tubes  which  have  entered  and  the  number  which  have  left 
that  area  since  the  beginning  of  the  system.  We  have  a  familiar  example  of  this  in 
the  charging  of  deep-sea  cables.  Another  example  is  afforded  by  a  condenser  with 
terminals  connected  to  two  points  in  the  circuit.  The  plates  of  the  condenser  are 
then  virtually  parts  of  the  circuit. 

The  effect  of  a  junction  of  two  wires,  say  of  the  same  diameter,  but  of  different 
specific  resistances,  upon  the  level  surface  will  resemble  that  of  a  charge  upon  the 
separating  surface.  This  can  be  seen  in  a  general  way  from  the  fact  that  the  level 
surfaces  must  cut  the  wire  with  the  higher  specific  resistance  at  intervals  shorter  than 
those  at  which  it  cuts  the  other  wire. 

If  there  be  an  insulated  conducting  body,  say  a  metal  sphere,  near  the  circuit,  we 
know  that  in  the  steady  state  there  is  no  electric  intensity,  and  therefore  no  current 
within  it ;  consequently  there  is  no  movement  of  energy  and  no  movement  of 
induction  through  it.  We  can  see  how  this  condition  is  arrived  at.  As  the  first 
tubes  of  electric  and  magnetic  induction  come  up  to  the  sphere  they  will  enter  it,  and 
the  parts  of  the  electric  induction  tubes  thus  entering  will  be  broken  up,  causing  a 
transient  current  in  the  sphere.  The  parts  of  the  tubes  left  in  the  medium  will  end 
on  the  sphere  giving  a  negative  charge  on  the  end  nearer  the  regions  of  higher 
potential,  and  a  positive  charge  on  the  end  nearer  the  regions  of  lower  potential. 
This  will  go  on  until  such  charges  have  accumulated  that  the  sphere  becomes  itself  a 
level  surface.  When  this  point  is  reached  no  more  energy  can  enter  the  sphere,  and 
the  parts  of  the  magnetic  tubes  within  it  cease  to  move. 

The  charges  formed  on  the  wire  or  on  neighbouring  conductors  are  to  be  distin¬ 
guished  from  ordinary  statical  charges  in  this  :  that  their  existence  depends  on  the 
existence  of  the  current,  and  therefore  on  the  motion  of  magnetic  induction.  If  the 
current  is  stopped  by  a  break  in  the  circuit,  so  that  the  motion  of  the  magnetic 
induction  ceases,  the  electric  induction  ceases  and  the  charges  are  all  lost.  We 
should  expect,  therefore,  to  find  that  these  charges  can  be  described  in  terms  of  the 
magnetic  motions  which  have  occurred  and  are  occurring  in  the  system. 

Current  produced  by  motion  of  a  conductor  in  a  magnetic  field. 

We  may  explain  by  general  reasoning  the  production  of  a  current  by  motion  of  a 
part  of  a  circuit  so  as  to  cut  the  tubes  of  magnetic  induction.  We  will  consider  the 
mdccclxxxv.  2  Q 
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simple  case  of  a  slider  AB,  fig.  5,  running  on  two  parallel  rails,  AC  BD,  with  a  fixed 
cross  piece  CD,  the  tubes  of  magnetic  induction  running  from  above  downwards 
through  the  paper.  Let  AB  move  so  as  to  enlarge  the  circuit.  We  know  from 
experiment  that  this  tends  to  cause  a  current  in  the  direction  AC  DB. 

Fig.  5- 


As  AB  moves  through  the  field  its  motion  tends  to  cause  electric  intensity  in  the 
direction  BA.  At  the  same  time  its  kinetic  energy  is  being  continually  converted 
into  electric  and  magnetic  energy  which  travels  to  the  rest  of  the  circuit  there  to  be 
dissipated,  that  is,  there  must  be  a  divergence  of  energy  from  AB.  Instead  then  of  a 
convergence  of  positive  tubes  running  from  B  to  A,  we  shall  have  what  is  magnetically 
equivalent — a  divergence  of  negative  tubes  or  tubes  running  from  A  to  B,  their 
motion  outwards  being  accompanied  by  tubes  of  magnetic  induction  running  round  in 
the  same  way  as  if  there  were  an  ordinary  current  from  B  to  A.  These  magnetic 
tubes  must  be  supposed  to  move  outwards  in  order  to  account  for  the  direction  of  the 
electric  intensity.* 

When  these  electric  and  magnetic  tubes  converge  upon  the  rest  of  the  circuit  they 
will  evidently  form  a  current  running  in  the  direction  AC  DB.  We  have  here  taken, 
just  as  in  the  case  of  the  condenser  and  the  voltaic  cell,  the  lessening  of  negative 
induction  by  its  motion  outwards,  as  equivalent  to  the  increase  of  positive  induction 
by  its  motion  inwards,  and  we  have  considered  both  of  them  to  indicate  the  appli¬ 
cation  of  electric  intensity  in  the  same  direction  in  the  conductor. 

If  instead  of  considering  AB  as  a  whole  we  break  it  up  into  elements,  each  element 
will  be  a  source  of  diverging  negative  tubes,  and  the  remainder  of  AB  will  to  that 
element  be  a  part  of  the  rest  of  the  circuit.  Hence  some  of  the  energy  sent  out 
from  the  element  will  converge  on  and  be  dissipated  in  AB,  or  AB  will  be  heated  just 
as  the  rest  of  the  circuit. 

The  general  equations  of  the  electromagnetic  field. 

Wc  can  easily  obtain  equations  corresponding  to  and  closely  resembling  those  ot 
Maxwell  by  means  of  the  principles  upon  which  this  paper  is  founded. 

The  assumption  that  if  we  take  any  closed  curve  the  number  of  tubes  of  magnetic 

*  [Added  July  15.— The  above  must  not  be  regarded  as  an  attempt  to  explain  the  production  of  electric 
induction  by  the  motion  of  a  conductor  in  a  magnetic  field,  but  merely  as  an  attempt  to  show  bow  the 
induction  arising  in  the  moving  part  of  a  circuit  finds  its  way  into  the  rest  of  the  circuit.] 
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induction  passing  through  it  is  equal  to  the  excess  of  the  number  which  have  moved 
in  over  the  number  which  have  moved  out  through  the  boundary  since  the  beginning 
of  the  formation  of  the  field,  suggests  a  historical  mode  of  describing  the  state  of  the 
field  at  any  moment. 

Let  a,  b,  c  be  the  components  of  magnetic  induction  at  any  point  O.  Consider  a 
small  area  dy  dz  close  to  the  point,  then  the  number  of  tubes  passing  through  the 
area  dy  dz  will  be  ady  dz.  This  will  be  equal  to  the  difference  between  those  which 
have  come  in  and  those  which  have  gone  out. 

F ig-  6. 


Let  L dx,  M dy,  N dz  denote  the  numbers  of  tubes  which  have  cut  the  lengths 
dx,  dy,  dz  since  the  beginning  of  the  system,  those  being  positive  which  have  tended 
to  produce  electric  intensity  in  the  positive  direction  along  the  axes,  and  those  being 
negative  and  therefore  subtracted  which  have  tended  to  produce  intensity  in  the 
opposite  direction.  Let  us  consider  the  number  which  have  come  into  the  area 
OBCD  =  dy  dz  (fig.  6).  The  number  which  have  come  in  across  OB  is — M dy 
(—because  the  movement  of  tubes  passing  through  dy  dz  in  the  positive  direction 
must  be  outwards  to  produce  E.I.  along  OB).  The  number  which  has  passed  out 

across  CD  is — dzjdy.  The  difference  is —^dy  dz.  The  number  which  has 

come  in  across  OC  is+Ncfe  (+  because  the  movement  of  tubes  passing  through  dy  dz 
in  the  positive  direction  must  be  inwards  to  produce  E.I.  along  OC).  The  number 

which  has  passed  out  across  BD  is  -{-—dy^jdz.  The  difference  is —~-dy  dz. 

The  number  still  passing  through  dy  dz  is  therefore  l~-~^jdy  dz. 

Equating  this  to  the  actual  induction  through  the  area,  viz., 

ady  dz 

and  performing  the  same  process  for  the  corresponding  areas  dz  dx,  dx  dy,  we  obtain 


<m 

dz 

dy 

dN 

dL 

dx 

dz  ' 

dL 

dM 

'dy 

dx 

2  q  2 


(0 
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Comparing  these  with  Maxwell’s  equations  (vol.  ii. ,  p.  216)  we  see  that 

dz  dy  dy  dz 


with  two  similar  equations,  F,  G,  H  being  the  components  of  the  vector  potential. 
We  should  obtain  Maxwell’s  equations  if  we  defined  F,  G,  H  to  be  the  number  of 
tubes  which  would  cut  the  axes  per  unit  length  if  the  system  were  to  be  allowed  to 
return  to  its  original  unmagnetic  condition,  the  tubes  now  moving  in  the  opposite 
direction.  According  to  Maxwell,  the  vector  whose  components  are  F,  G,  and  H 
<£  represents  the  time  integral  of  the  electromotive  force  which  a  particle  placed  at  the 
point  [x,  y,  z)  would  experience  if  the  primary  current  were  suddenly  stopped  ”  (vol.  ii., 
2nd  Ed.,  p.  215).  If  the  electric  intensity  is  produced  by  the  motion  of  magnetic 
induction,  then  our  definition  of  F,  G,  H  will  by  the  second  fundamental  principle 
agree  with  Maxwell’s  statement. 

o 

If  u,  v,  iv  be  the  components  of  current — including,  of  course,  under  currents,  growth 
of  induction — wre  have  from  the  third  principle  Maxwell’s  equations  E  (vol.  ii., 
p.  233),  which  on  multiplying  by  y  become  when  y  is  constant 


dc  dh' 
Attixu—  - - — 

dy  dz 

da  dc  . 

>■ 

db  da 

4777xw=  — — — 

dx  dy 


(2) 


Combining  these  with  equations  (L)  (as  in  Maxwell,  vol.  ii.,  pp.  236-7),  and 

writing  —  V  2  for  f  0  +  7v+  tv  we  obtain 

°  ax-  dy i  clz - 


0T  d  (dh  ,  dM  ,  dN 
4ny  a—  —  V  L  —  da{^+  dy  +  dz 

dfdhdM.  dlh\ 

4^=_v2M--(-+-¥+  -)  F 

,  0AT  d  (dh  ,  dM  .  dB\ 

inyir—  V  ~N  dJ^  +  dy  +  dz  J 


■  (3) 


These  equations  only  differ  in  sign  from  Maxwell’s,  and  are  therefore  to  be 
solved  in  the  same  way. 

It  is  easy  to  see  by  substitution  that  if  we  assume 
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L'  —  —  fx  j|  \^dxdydz 
M'=  —jj^^dxdydz 
W=-M-rdxdydz 

H  = 


Y- 


(4) 


477 

then  the  following  will  be  solutions 


dL  ,  dM  ,  dN\l  7  7  7 

^+^+ltPlxd,jdz 


r  _ t  /  rfH 

”  _  ~dx 

M  =  M'— 

dy 


N=N'  — 


dH 


(5) 


It  is  evident  that  we  may  add  to  the  right-hand  side  of  equations  (5)  fy,  (y- 

ax  cty  ccz 

respectively,  where  <£  is  any  function  of  x,  y,  z,  since  these  will  disappear  from  (3)  and 
also  from  (l). 

The  electric  intensity,  in  so  far  as  it  depends  upon  magnetic  motions,  will  consist  of 
two  terms,  one  depending  upon  the  motion  of  the  material  at  the  point  (its 
components  being  found  as  in  Maxwell,  vol.  ii.,  p.  227,  note),  the  other  upon  the 
motion  of  magnetic  induction  about  the  point.  We  may  add  a  third  term,  arising 
from  any  electrical  distribution  with  a  potential  xjj. 

If  there  is  no  material  motion  we  shall  have 

p  dJL  d\Jr 

dt  dx 


„ dM  d-yjr 

dlt~  ~dy 

p dN  d-ty 

dt  dz 


y 


(6) 


Substituting  from  (4)  and  (5)  we  get 

P=- 


=-dff 


du '  1 

dt  r 
du  1 


■-dxdydz-jz  -  -  -  +  -  ):dxdydz ■ 


JL  §L 

477  dx , 

J_  £ 

477  dx , 


it-dxdydz--jx jJJ(^  +  ^+<feA 


d  dL  ,  d  dM  ,  d  dN\l 

—  -  I  '  ‘  ■  j™  J  ( 

dx  dt  dy  dt  dz  dt  Jr 

dP  .  dQ  ,  dRU 


d\p 

dx 


dxdydz 

_  1  <L[[[(*l±  .  .  ^t^dxdvdz-^ 

477  dx]  J  J  \dic2  dy 2  dz2  Jr  ^  dx  ’ 


dL 


substituting  for  — ,  &c.,  from  (6). 
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The  last  two  terms  cancel  each  other,  and  we  get 


P= 


[[[du  1,  ,  ,  1  d[[[(d?  dQ  dR\l,  ,  , 

“HI  J H  rdxdydz-Trr  &JJ  J U+%  +  * ' 


•  (?) 


or  if  wre  put 


and 


then 


dP  dQ  dR 

&+*;+&-4,r'5 


Y=[j|-  dxdydz. 


p=-4ff  Ctidxdydz-T, 


dx 


(8) 


with  similar  equations  for  Q  and  R, 

If  the  system  is  steady  ^  are  all  zero,  and  then 


dx’  c  dy’ 


R=  — 


dV 

dz ' 


The  quantity  p,  of  which  V  is  the  potential,  will  be  zero  within  non-conducting 
homogeneous  parts  of  the  field,  for  there 


KP  _KQ  KB 

^  47 r 5  ^  47 r  ’  ^  47T  ’ 

and 

dP  dQ  dR=4^/^  d^\ 

dx  dy  dz  K  \dx  dy  dz) 

since  no  charges  can  reside  within  a  homogeneous  non-conducting  medium.  Or, 
stating  it  in  another  way,  all  the  induction  tubes  brought  into  any  part  of  such  a 
medium  remain  there  without  dissipation,  a  charge  in  a  non-homogeneous  medium 
being  due  to  unequal  amounts  of  dissipation  of  induction  in  different  parts  of  the 
medium. 

But  p  will  have  value  at  surfaces  separating  dissimilar  substances  either  in  the 
insulating  or  conducting  parts  of  the  medium.  For  in  the  former  the  induction  is 
continuous,  while  the  intensity  is  discontinuous,  and  in  the  latter  the  current  or  rate 
of  destruction  of  induction  may  be  continuous,  but  the  relation  between  intensity 
and  current  changes  discontinuously  with  the  conductivity.  At  surfaces  separating 
insulators  from  conductors  p  may  have  value,  as,  for  instance,  at  the  surfaces  of  the 
plates  of  a  condenser  with  its  terminals  connected  with  two  points  in  a  circuit,  or  at 
the  surface  of  an  insulated  conductor  near  the  circuit.  It  is  also  to  be  noted  that 
p  will  have  values  at  the  seat  of  electromotive  force. 
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The  values  of  the  components  of  magnetic  induction  a,  b,  c  are  not  in  any  way 
dependent  on  p.  For  taking  the  first  of  equations  (1)  and  substituting  from  (5)  we 
have 


dM  dN_dM'_dN/ 

dz  dy  dz  dy 


dm  d2R  _dM? 

dydz'  dzdy  dz 


dW 

dy 


(9) 


where  M'  and  N'  depend  on  the  currents  in  the  system  and  not  on  the  charges. 

Comparing  our  equations  with  Maxwell’s  we  see  that  the  important  point  of 

difference  is  that  we  can  no  longer  put  the  quantity  corresponding  to  his  J  equal  to 

,  ,  .  .  dF  dG  dH 

zero,  J  being  given  by 

This  does  not  affect  the  determination  of  velocity  of  propagation  of  disturbance  in  a 
homogeneous  non-conducting  medium. 

For  in  such  a  medium  we  shall  have 

_rj/_K  dP 
dt  47 r  dt 

with  corresponding  values  for  v  and  w. 

Substituting  in  (3)  the  first  equation  becomes 


dP  d  (dL  dM  dN 

K/X  dt~~  dx\dx  dy  +  dz 


differentiating  with  respect  to  t 


rr 

]  /X  df 


0  dL  did  dL  d  dM  d  dN 

^  dt  dx\dx  dt  dy  dt  dz  dt 


and  putting  ^=P+~ 

1  °  dt  '  dx 


„  d2P  d  0  d  /dP  dQ  dR\  d  2  n 

K^d^=-v2p-^-d,(^+^+^j  +  d,V^=-vP 


(10) 


since 


cZP  I  dQ  dR 47r/ bj^.dg  dJdx 

dx  '  dy  '  dz  K  \dx'dy  '  dz) 


within  a  homogeneous  non-conductor. 

This  gives  the  velocity  of  propagation  of  electric  induction  equal  to  l/\/K p. 

We  can  also  obtain  the  corresponding  equation  for  the  magnetic  induction. 
Substituting  in  (3)  for  u,  v,  and  w  in  terms  of  P,  Q,  and  R,  as  above, 
differentiating  the  second  with  respect  to  z,  and  the  third  with  respect  to  y,  and 
subtracting 
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then  from  (6) 


or 


or  from  (l) 


(ii) 


whence  the  velocity  of  propagation  of  magnetic  induction  is  also  equal  to  I/a/K/t. 

It  would  seem  that  in  some  cases,  such  as  that  of  the  field  surrounding  a  straight 
wire  with  a  steady  current,  the  electric  intensity  may  be  regarded  as  entirely  due  to 

the  motion  of  magnetic  induction,  and  its  components  will  therefore  he  C~, 

But  in  other  cases  it  would  seem  that  the  electric  induction  cannot  be  wholly  due 
to  the  motion  of  magnetic  induction,  and  we  must  therefore  introduce  the  terms 
involving  \b.  If,  for  instance,  the  electric  and  magnetic  intensities  were  inclined  at  an 
angle  9,  we  should  have  to  suppose  the  electric  intensity  E  to  be  produced  by  the  motion 
of  the  component  of  magnetic  induction  I  perpendicular  to  E,  viz.,  /xl  sin  6,  the  other 
component  /xl  cos  6  being  at  rest.  To  produce  intensity  E,  E  tubes  must  cut  unit 
length  in  the  direction  of  E  per  second ;  and  since  the  value  of  the  magnetic  induction 
is  gl  sin  6,  this  requires  a  velocity  v,  given  by  v./xl  sin  9—  E  or  r=E//xIsin  9.  Now 
we  can  easily  imagine  a  case  where  E  and  I  coincide,  as,  for  instance,  a  condenser 
with  its  planes  parallel  to  the  axis  of  a  wire  carrying  a  current,  and  its  terminals 
connected  with  two  points  in  the  wire.  Here  I  sin  9=0,  and  v  is  infinite.  Or  we 
have  to  suppose  the  electric  intensity  to  be  produced  by  the  movement  of  tubes  of 
induction  of  no  intensity  with  infinite  velocity,  a  statement  without  physical  meaning. 

But  it  is,  perhaps,  worth  noting  that  if  we  suppose  that  the  electric  intensity  is 
produced  by  the  motion  of  magnetic  induction,  and  that  the  magnetic  intensity  is 
produced  by  the  motion  of  the  electric  induction,  each  carrying  their  energy  with 
them,  the  right  quantity  of  energy  crosses  the  unit  area. 

For  E  magnetic  tubes,  with  I  sin  9  unit  cells  per  unit  length,  will  carry  across  unit 

El  sin  6 
Sir 


,  or  half  the  energy  which  actually 


area  in  the  plane  of  E  and  I  a  quantity 


crosses  the  plane.  If  I  sin  9  is  due  to  the  motion  of  electric  tubes,  then  I  sin  ^/4tt 
tubes  must  cut  unit  length  in  the  direction  of  I  sin  9  per  second.  The  number  of 
unit  cells  per  unit  length  is  E,  and  therefore  the  motion  of  the  tubes  will  carry  a 


quantity  of  energy 


El  sin  6 


87T 


,  or  the  other  half  actually  crossing 


The  equations  which  have  been  obtained  in  the  foregoing  manner  by  the  aid  of  the 
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hypothesis  of  movement  of  magnetic  induction,  may  also  be  obtained  without  any 
special  hypothesis  as  to  the  motion  of  the  induction  tubes,  merely  assuming  that 
growth  of  induction  through  a  curve  is  accompanied  by  electric  intensity  round  the 
curve.  Instead  of  connecting  L,  M,  N  with  the  number  of  tubes  which  have  cut  the 
axes,  we  start  with  the  following  definitions  : — 

Let  L,  M,  N  denote  the  time  integrals  of  the  components  of  the  electric  intensity 
parallel  to  the  axes  since  the  origin  of  the  system,  so  that 


then 


l=|m 

M= 

N= 

jib  A 

ii 

Cs+'  1  r1 

Q= 

fZM 

dt 

R= 

dS 

dt  ' 

If  a,  b,  c  be  components  of  magnetic  induction,  since  the  growth  of  induction 
through  a  curve  is  equal  to  the  line  integral  of  the  electric  intensity  round  a  curve  in 
the  negative  direction,  we  have 

da  _d _ d_R_d_Um_cm 

dt  dz  dy  dt\ dz  dy 


with  corresponding  equations  for  ~  and 

Integrating  with  respect  to  t  from  the  origin  of  the  system,  when  all  the  quantities 
were  zero 


dM_dN~' 
dz  dy 

c£N _ dM 

dx  dz 

dL _ dM 

dy  dx  ^ 


(O 


equations  the  same  in  form  as  equations  (1). 

As  before  we  obtain  equations  (3),  (4),  and  (5),  while  instead  of  (6)  we  have  the 

simple  equations  P= and  the  two  others. 


Substituting  for  —  we  obtain  an  equation  of  the  same  form  as  (7),  which  may  also 

CLL 

be  put  into  the  form  (8).  Equations  (9)  and  (10)  will  also  follow. 

Just  as  we  have  obtained  equations  by  considering  the  growth  of  the  magnetic 
induction  to  its  present  state  so  we  may  obtain  corresponding  equations  by  considering 
the  growth  of  the  electric  induction. 

Let  — — be  the  algebraic  sum  of  the  number  of  electric  induction  tubes 


2  R 


MDCCCLXXXV. 
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which  have  cut  dx,  dy,  dz  drawn  from  a  point  in  such  a  way  as  to  create  magnetic 
intensities  in  the  positive  direction  along  dx,  dy,  dz. 

The  excess  of  the  number  of  tubes  which  have  passed  in  over  those  which  have 
passed  out  through  the  boundary  of  any  area  will  be  equal  to  the  time  integral  of  the 
total  current  through  the  area. 

The  components  of  the  total  current  are 

,  (if  dg  dh 

u=p+jt  v=(i+it  w=r+it 

p,  q,  and  r  being  the  components  of  the  conduction  current  or  the  number  of  tubes 
dissipated  per  second,  and  f  g,  h  the  components  of  the  induction  actually  existing. 

As  in  the  last  case,  if  we  put  f—  \  udt,  &c.,  we  at  once  obtain  the  equations 


.  „  dC  dB^ 
^  ~  dy  dz 

,  dA  dC  , 
,,  dB  dA 

4,rA  =^“*7. 


Corresponding  to  the  current  equations  (2)  we  have  three  equations  obtained  from  the 
condition  that  the  rate  of  increase  of  magnetic  induction  through  an  area  is  equal  to 
the  integral  of  the  electric  intensity  round  it  in  the  negative  direction.  These  are 


da _ dQ 

dt  dz 

db _ dR 

dt  dx 
dc  dB 
dt  dy 


dip 
dy 
dP 

dz 


> 


dQ 

dx 


If  C,  is  the  specific  conductivity  we  may  by  Ohm’s  law  put  the  current  equations 
after  integrating  in  the  form 

/'=cppp 

✓=c,{q*+|3 

v=c,p+f 

whence  in  media  where  K  is  constant 

|7dQ_dR\  K  /dQ_dR\ 

dz  dy  'Jlp  dy/  '4:7r\dz  dy) 
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=°Jt*+ 

=  C/a+ 


K  da 


47T  dt 
K  da 
4:77"  dt 


from  (13) 


with  two  similar  equations. 

Finding  the  values  of  the  left  hand  from  (12)  we  obtain 


4nC,a+K^= 
'  dt 

4„Ci+Kf  = 

4ttCc  +  Kv  = 

'  1  dt 


„ .  d  [ dA  c£B  .  dC 
“  V~A “ ^ flfe 
0T)  d  (dA  d\)  dC 

-vB“-U+-+ 


dy\ 


dy  dz 


0p  d  fdA  d£>  dQ 
^~Jz\dx'^"dy^"dz 


If  we  assume 


A--sUI(4^a+Kl)71^ 


•  •  (14) 


with  corresponding  values  for  B'  and  O'  and 


then 


A=A'- 
B  =  B'  — 
C  =  C'- 


riM‘ 

dM 

% 

c/N 

dv . 


(15) 


are  solutions  of  (13). 

We  may  obtain  by  substitution  from  (15)  in  (12)  values  for  f,  g',  li'  corresponding 
to  the  values  of  the  magnetic  induction  in  (9),  viz.  : 

,  dC'  d& 

~~  dy  dz 

and  two  others ;  where  A',  B',  C'  are  given  in  terms  of  the  magnetic  induction  as 
above. 

It  is  only  in  special  cases,  such  as  that  of  a  straight  wire  with  a  steady  current, 
that  the  magnetic  intensity  will  be  equal  to  47t  times  the  number  of  electric  induction 
tubes  passing  through  unit  length  per  second.  In  all  cases  the  line  integral  of  the 
magnetic  intensity  round  a  closed  curve  is  equal  to  47t  times  the  number  of  electric 
tubes  passing  through  the  boundary,  but  the  electric  tubes  may  be  more  crowded  in 

2  r  2 


304 


PROFESSOR  J.  H.  POYNTING  ON  ELECTRIC  CURRENT  AND  THE 


some  parts  than  in  others,  while  the  magnetic  intensity  is  not  altered  in  a  correspond¬ 
ing  manner.  For  instance,  the  magnetic  tubes  will  be  continued  through  an  insulated 
conductor  in  the  field,  while  in  the  steady  state  no  electric  tubes  pass  through  it. 
But  each  element  adds  to  the  line  integral  the  quantity  which,  after  Mr.  Bosanquet, 
I  have  called  the  magnetomotive  force,  this  being  equal  to  477  times  the  number  of 
electric  tubes  passing  through  the  element.  But  it  only  adds  it  on  integrating  round 
the  whole  of  the  closed  curve. 

The  intensity  at  any  point  will  therefore  be  the  resultant  of  the  intensities  produced 
by  the  magnetomotive  forces  in  the  various  elements.  Perhaps  the  simplest  mode  of 
finding  it  is  as  follows. 

The  components  of  the  magnetomotive  force  produced  in  a  cube  dx,  dy ,  dz  parallel 
to  the  three  edges  will  be 

dA  ,  dB  ,  dC  7 
—ax,  —ay,  —  dz. 
dt  ’  dt  dt 


for  -y-  —77,  y—  -y-  —y,  are  by  definition  the  rates  at  which  electric  tubes  are 
47T  dt  47T  dt  47T  dt  J 

cutting  unit  lengths  parallel  to  the  axes. 

But  these  magnetomotive  forces  would  be  produced  by  currents  round  the  cube  in 
planes  perpendicular  to  the  axes  respectively,  and  equal  to 


1  d  A  ;  1  clB 

4tt  dtdX>  4t r  dt 


7  1  dC  7 

dy,  - - -dz. 

J  47 t  dt 


for  the  line  integral  of  the  intensity  round  a  curve  threading  a  current  is 
477  X  current.  But  the  magnetic  intensity  at  any  point  due  to  a  current  is  equal 
to  that  of  a  magnetic  shell  of  strength  (i.e.,  intensity  X  thickness),  equal  numerically 
to  the  current  bounding  the  shell. 

If  we  suppose  the  thickness  of  the  shell  equal  to  that  of  the  cube,  the  effect  is  the 
same  as  if  the  cube  were  magnetised  with  intensity  having  components 

1  dA  J_dB  1  dC 

477  dt  ’  47 7  dt  ’  477  dt 


The  potential  of  such  a  distribution  of  magnetisation  is  (Maxwell,  vol.  ii.,  p.  29, 
equation  (23)). 


y 1  rrr/rfA  dp  dB  dp  dC  dp 

477J  J  J  \  dt  dx  dt  dy  dt  dz 


yaz 


where  p=~,  and  the  magnetic  intensity  is  given  by 


dV 

dx * 


fi=  — 


dV 

dy’ 


7= 


d\ 

'  dz' 
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It  may  be  noticed  that  in  a  steady  field 


dA'  dW  cdy 
clt  ’  dt  ’  dt 


are  all  zero,  so  that 


where 


V=- 


d  dp  d  dM.  dp  d  dM.  dp 
dx  dt  dx'  dy  dt  dy'dz  dt  dz 


We  may  obtain  equations  of  the  same  form  as  those  given  in  (14)  without  any 
hypothesis  as  to  the  movement  of  electric  induction  tubes,  merely  assuming  that 
the  total  current  through  a  curve  is  equal  to  477  X  line  integral  of  magnetic  intensity 
round  the  curve. 

We  start  with  the  following  definitions.  Let  A,  B,  C  be  the  time  integrals  of  the 
components  of  magnetic  intensity  since  the  origin  of  the  system. 

Then 


A=ja  dt,  B=j/3d£,  C  =  jycZ£ 


and 


a 


B= 

dt ’  p 


dt ’ 


dC 


We  have  the  equations 


dy  d/3 
7711  dy  ~dz 


and  two  others. 

Integrating  with  respect  to  t  we  have 


also 


dC 

dB 

dy 

~  dz 

dA 

dC 

dz 

dx 

d,T> 

dA 

dx 

dy 

which  are  of  the  same  form  as  (12). 

Hence  exactly  as  before  we  obtain  equations  (14)  and  their  solutions  (15). 
The  equations  for  the  magnetic  intensity  are  now 


a  — 


dA 
dt ’ 


P= 


d B 
dt’ 


dC 

y=Tt 


If  we  differentiate  (14)  with  respect  to  t,  and  substitute  from  these  equations  for 
magnetic  intensity,  we  obtain 
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r  ,  da  _  d^a  0 

4^c,^+K^  =  -v-«- 


d  /da  d/3  dy 
c lx  \dx  '  dy  '  dz 


with  corresponding  equations  for  /3  and  y. 

Differentiating  the  second  of  these  with  respect  to  z,  and  the  third  with  respect  to 
y,  and  subtracting,  we  obtain 


dhb _ 

dt?~ 


—  V2w 


with  corresponding  equations  for  v  and  w. 

These  correspond  to  Maxwell’s  equations  (7),  p.  395. 

In  conclusion  it  may  be  remarked  that  the  equations  found  in  this  paper  give  the 
same  expression  for  the  rate  of  Transfer  of  Energy  as  that  in  my  previous  paper 
derived  from  Maxwell’s  equations  involving  F,  G,  and  H. 
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§  1.  The  tendency  to  apply  dynamical  principles  and  methods  to  explain  physical 
phenomena  has  steadily  increased  ever  since  the  discovery  of  the  principle  of  the 
Conservation  of  Energy.  This  discovery  called  attention  to  the  ready  conversion  of 
the  energy  of  visible  motion  into  such  apparently  dissimilar  things  as  heat  and  electric 
currents,  and  led  almost  irresistibly  to  the  conclusion  that  these  too  are  forms  of 
kinetic  energy,  though  the  moving  bodies  must  be  infinitesimally  small  in  comparison 
with  the  bodies  which  form  the  moving  pieces  of  any  of  the  structures  or  machines 
with  which  we  are  acquainted.  As  soon  as  this  conception  of  heat  and  electricity  was 
reached  mathematicians  began  to  apply  to  them  the  dynamical  method  of  the  Con¬ 
servation  of  Energy,  and  many  physical  phenomena  were  shown  to  be  related  to  each 
other,  and  others  predicted  by  the  use  of  this  principle ;  thus,  to  take  an  example,  the 
induction  of  electric  currents  by  a  moving  magnet  was  shown  by  von  Helmholtz  to 
be  a  necessary  consequence  of  the  fact  that  an  electric  current  produces  a  magnetic 
field.  Of  late  years  things  have  been  carried  still  further;  thus  Sir  William 
Thomson  in  many  of  his  later  papers,  and  especially  in  his  address  to  the  British 
Association  at  Montreal  on  “  Steps  towards  a  Kinetic  Theory  of  Matter,”  has  devoted 
a  good  deal  of  attention  to  the  description  of  machines  capable  of  producing  effects 
analogous  to  some  physical  phenomenon,  such,  for  example,  as  the  rotation  of  the 
plane  of  polarisation  of  light  by  quartz  and  other  crystals.  For  these  reasons  the  view 
(wjfich  we  owe  to  the  principle  of  the  Conservation  of  Energy)  that  every  physical 
phenomenon  admits  of  a  dynamical  explanation  is  one  that  will  hardly  be  questioned 
at  the  present  time.  We  may  look  on  the  matter  (including,  if  necessary,  the  ether) 
which  plays  a  part  in  any  physical  phenomenon  as  forming  a  material  system  and 
study  the  dynamics  of  this  system  by  means  of  any  of  the  methods  which  we  apply  to 
the  ordinary  systems  in  the  Dynamics  of  Rigid  Bodies.  As  we  do  not  know  much  about 
the  structure  of  the  systems  we  can  only  hope  to  obtain  useful  results  by  using 
methods  which  do  not  require  an  exact  knowledge  of  the  mechanism  of  the  system. 
The  method  of  the  Conservation  of  Energy  is  such  a  method,  but  there  are  others 
which  hardly  require  a  greater  knowledge  of  the  structure  of  the  system  and  yet  are 
capable  of  giving  us  more  definite  information  than  that  principle  when  used  in  the 


308 


MR.  J.  J.  THOMSON  ON  SOME  APPLICATIONS  OP 


ordinary  way.  Lagrange’s  equations  and  Hamilton’s  method  of  Varying  Action  are 
methods  of  this  kind,  and  it  is  the  object  of  this  paper  to  apply  these  methods  to 
study  the  transformations  of  some  of  the  forms  of  energy,  and  to  show  how  useful 
they  are  for  coordinating  results  of  very  different  kinds  as  well  as  for  suggesting  new 
phenomena.  A  good  many  of  the  results  which  we  shall  get  have  been  or  can  be  got 
by  the  use  of  the  ordinary  principle  of  Thermodynamics,  and  it  is  obvious  that  this 
principle  must  have  close  relations  with  any  method  based  on  considerations  about 
energy. 

Lagrange’s  equations  were  used  with  great  success  by  Maxwell  in  his  £  Treatise 
on  Electricity  and  Magnetism,’  vol.  ii.,  chaps.  6,  7,  8,  to  find  the  equations  of  the 
electromagnetic  field. 

In  order  to  confine  this  paper  to  a  reasonable  size  I  shall  limit  myself  to  the  con¬ 
sideration  of  the  relations  existing  between  various  phenomena  in  elasticity,  heat, 
electricity  and  magnetism,  but  even  with  this  limitation  it  will  only  be  possible  to 
consider  a  few  of  the  more  prominent  out  of  the  many  phenomena  to  which  the 
method  can  be  applied. 

When  we  apply  Lagrange’s  or  Hamilton’s  methods  to  discuss  the  motion  of  any 
material  system  we  have  first  to  choose  coordinates  which  can  fix  the  configuration  of 
the  system,  and  then  to  find  an  expression  for  the  kinetic  energy  in  terms  of  these 
coordinates  and  their  differential  coefficients  with  respect  to  the  time.  Before  apply¬ 
ing  these  methods  therefore  to  any  physical  phenomenon  we  must  have  coordinates 
which  are  sufficient  to  fix  the  configuration  of  the  system  which  takes  part  in  the 
phenomenon  we  are  considering.  The  notation  which  we  shall  use  will  be  as  follows  : — 

To  fix  the  geometrical  configuration  of  the  system,  i.e.,  to  fix  the  position  in  space 
of  any  bodies  of  finite  size  which  may  be  in  the  system,  we  shall  use  coordinates 
denoted  by  the  letters  xv  x2  .  .  .  ,  xn,  and  when  we  want  to  denote  a  geometrical 
coordinate  generally  without  reference  to  any  one  in  particular  we  shall  use  the  letter  x. 

To  fix  the  configuration  of  the  strains  in  the  system  we  shall  in  any  particular  case 
use  the  ordinary  strain  components  a,  b,  c,  e,  f  g  (Thomson  and  Tait’s  ‘  Natural 
Philosophy,’  vol.  ii.,  §  669),  but  as  it  will  be  convenient  to  have  a  letter  typifying  the 
coordinates  generally  we  shall  use  the  letter  w  for  this  purpose. 

To  fix  the  electrical  configuration  of  the  system  we  shall  use  coordinates  denoted 
by  the  letters  yx,  .  .  .  ,  and  y  for  the  typical  coordinate,  where  y  in  a  dielectric  is 
what  Maxwell  calls  an  electric  displacement  and  in  a  conductor  the  time  integral  of 
a  current. 

To  fix  the  configuration  of  the  magnetic  field  by  coordinates  in  such  a  way  that 
Lagrange’s  equations  can  be  used  I  have  found  it  necessary,  for  reasons  which  will 
be  given  later,  to  introduce  two  coordinates  to  fix  the  magnitude  of  the  intensity  of 
magnetisation  at  a  point :  one  of  these  is  what  we  may  call  a  kmosthenic*  coordinate, 


*  I  am  indebted  to  Professor  J.  P.  Postg&te,  Fellow  of  Trinity  College,  Cambridge,  for  this  word. 
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i.e.,  one  which  only  enters  into  the  expression  for  the  kinetic  energy  through  its 
differential  coefficient  with  respect  to  the  time,  so  that  the  kinetic  energy  is  not  an 
explicit  function  of  this  coordinate,  but  only  of  its  rate  of  change  ;  the  other  coordinate 
is  of  a  geometrical  kind.  This  way  of  fixing  the  intensity  of  magnetisation  is  the 
mathematical  analogue  of  Ampere’s  theory  of  magnetism,  which  supposes  that 
electrical  currents  flow  round  the  molecules  of  bodies,  and  that  a  body  is  magnetised 
when  its  molecules  are  so  arranged  that  the  normals  to  the  planes  of  the  currents 
which  flow  round  them  are  not  distributed  uniformly  in  all  directions.  Thus  the 
kinosthenic  coordinates  would  be  the  ones  fixing  the  molecular  currents,  and  the 
geometrical  ones  those  fixing  the  arrangement  in  space  of  the  normals  to  the  planes 
of  the  currents.  We  shall  call  the  kinosthenic  coordinate  £,  and  the  geometrical  one  77, 
and  suppose  they  are  chosen  so  that  the  intensity  of  magnetisation  is  rji;  where  £  is 
the  generalised  component  of  momentum  of  the  type  £. 

We  must  now  consider  how  to  represent  the  temperature  of  a  body  so  as  to  bring 
it  within  the  power  of  dynamical  methods.  In  the  ordinary  kinetic  theory  of  gases 
the  temperature  is  taken  to  be  the  mean  kinetic  energy  of  translation  of  the  molecules 
of  the  gas,  and  there  are  reasons  for  believing  that  a  similar  thing  may  be  true  for 
bodies  in  the  solid  and  liquid  as  well  as  in  the  gaseous  state.  We  shall  therefore 
suppose  that  the  temperature  is  represented  by  that  part  of  the  kinetic  energy  in  unit 
of  volume  which  involves  the  squares  and  products  of  the  velocities  of  a  system  of 
coordinates  denoted  by  the  symbols  ux,  uz  ...  ,  um.  A  moment’s  consideration  will 
show  that  the  As  must  be  kinostenic  coordinates,  i.e.,  that  the  kinetic  energy  is  a 
.function  of  the  differential  coefficients  of  these  quantities  with  respect  to  the  time 
and  not  of  the  quantities  themselves ;  and  since  the  kinetic  energy  cannot  be  altered 
if  we  reverse  the  motion  of  the  system  whose  kinetic  energy  is  supposed  to  be 
measured  by  the  temperature,  the  expression  for  the  kinetic  energy  cannot  contain 
any  terms  which  involve  the  product  of  a  “  u  ”  velocity  with  one  of  the  type  x,  y,  z, 
or  w.  We  may  therefore  take  ux,  u%  .  .  .  ,  um  to  be  principal  coordinates,  and  suppose 
that  that  part  of  the  kinetic  energy  per  unit  of  volume  which  depends  upon  the 
squares  of  their  velocities,  and  which  we  shall  call  ©,  is  given  by  the  equation 


©=MKwi]wi3+[%%]V+-  •  •} 


or  if  vl3  ...  be  the  momenta  corresponding  to  ux,  %  .  .  . 


(1) 


0=4- 


(2) 


and  this  form  is  more  convenient  for  some  purposes  than  the  preceding  one.  Since 
the  temperature  can  be  fixed  by  one  coordinate  when  it  is  uniform,  we  must  suppose, 
MDCCCLXXXV.  2  S 
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at  any  rate  when  things  are  in  a  steady  state,  that  there  are  (in—  1)  linear  relations 
between  the  m  quantities  ux,  u2  ...  .  We  might  easily  alter  the  equations  of  motion 
so  as  to  allow  for  this  relation,  or  we  might  eliminate  (in—  1)  of  the  quantities 
uv  u2  ...  ,  but  it  is  more  convenient  to  use  the  expressions  for  ©  given  in  equations 
(1)  and  (2)  :  the  reason  for  this  is  that  when  any  property  of  a  body  depends  upon 
the  temperature  it  does  not  depend  upon  the  value  of  one  of  the  us  more  than 
another,  but  only  on  the  value  of  0  :  the  As  never  occur  except  as  parts  of  the 
expression  ©. 

We  have  at  present  only  considered  kinetic  energy  and  have  not  said  anything  about 
potential  energy,  but  we  shall  see  that  if  we  give  a  sufficiently  wide  meaning  to  the 
term  material  system  we  can  explain  all  the  effects  produced  by  potential  energy  by 
considerations  about  kinetic  energy  alone.  There  is  an  advantage  gained  by  doing 
this,  because  kinetic  energy  appears  to  be  a  much  more  fundamental  conception  than 
potential  energy.  When  we  can  explain  any  phenomenon  as  a  property  of  the 
motion  of  bodies,  we  have  got  what  may  be  called  a  physical  explanation  of  the 
phenomenon,  and  any  further  explanation  must  be  rather  metaphysical  than  physical ; 
it  is  not  so,  however,  with  regard  to  potential  energy,  the  use  of  this  quantity  cannot 
in  any  ordinary  sense  of  the  word  be  said  to  explain  any  physical  phenomenon,  it 
does  little  more  than  embody  the  results  of  experiments  in  a  form  well  adapted  to 
mathematical  investigation.  An  investigation  similar  to  that  given  in  Thomson  and 
Tait’s  ‘  Treatise  on  Natural  Philosophy,’  vol.  i.,  p.  320,  2nd  edition,  shows  that  the 
effects  produced  by  the  potential  energy  of  a  system  (A)  can  be  explained  by  changes 
in  the  kinetic  energy  of  another  system  (B)  connected  with  (A).  We  must  suppose 
that  there  are  portions  of  matter  connected  with  the  system  (A)  and  capable  of 
motion  which  are  not  fixed  by  any  of  the  coordinates  which  we  have  already  spoken 
about,  viz.,  the  geometric,  electric,  magnetic,  elastic,  and  temperature  coordinates,  and 
that  the  coordinates  fixing  the  position  of  these  portions  of  matter  enter  the 
expression  for  the  kinetic  energy  only  through  their  different  coefficients.  An 
analogous  case  is  that  of  a  sphere  surrounded  by  water  ;  in  order  to  fix  the  con¬ 
figuration  of  the  water  it  would  be  necessary  to  use  an  infinite  number  of  coordinates, 
but  these  would  enter  the  expression  for  the  kinetic  energy  of  the  sphere  and  water 
only  through  their  differential  coefficients.  For  the  sake  of  brevity  we  have  called 
coordinates  of  this  kind  kinosthenic  coordinates. 

The  coordinates  fixing  the  configuration  of  the  portions  of  matter  mentioned  above 
are  kinosthenic  coordinates.  We  shall  denote  them  by  the  letters  Xi>  X2  •  •  •  »  X»*  We 
shall  suppose  for  the  sake  of  simplicity  that  there  are  no  terms  containing  the  product 
of  a  differential  coefficient  of  one  of  the  y’s  with  a  differential  coefficient  of  one  of 
the  geometric,  elastic,  electric,  magnetic,  or  temperature  coordinates. 

Since  yq,  .  .  .  do  not  enter  into  the  expression  for  the  kinetic  energy  T  of  the 
systems  (A)  and  (B),  we  have  by  Lagrange’s  equations 
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dT  A 

dX\  ! 

dTl  }> . (3) 

— —=c2  l 
dXi 

...  J 

where  c13  c2  .  .  .  ,  cn  are  constants. 

We  can  find  the  values  of  Xi>  Xs  •  •  •  from  these  equations  in  terms  of  cx,  c2  ...  , 
and  substitute  them  in  the  expression  for  T,  which  will  then  be  of  the  form 

£+K 

where  X  is  a  homogeneous  quadratic  function  of  the  differential  coefficients  of  the 
x,  y,  z  and  w  coordinates ;  in  fact,  the  kinetic  energy  of  the  system  (A)  and  K  is  a 
quadratic  function  of  the  c’s  involving  it  may  be  the  coordinates  x ,  y,  z  and  w,  but 
not  their  differential  coefficients ;  K  is  evidently  equal  in  magnitude  to  the  kinetic 
energy  of  the  system  (B).  Equations  (19)  on  page  323  of  Thomson  and  Tait’s 
‘Natural  Philosophy,’  vol.  i.,  2nd  ed.,  show  that  if  we  consider  only  the  kinetic 
energy,  Lagrange’s  equation  takes  the  form 


dt  dx  dx  dx 


(4) 


but  if  the  system  A  had  possessed  potential  energy  equal  to  V  the  equation 
(considering  A  alone)  would  have  been 


d_  dX 

dt  dx 


dX  ,  dV  n 

—  H - =  0 

dx  dx 


(5) 


Thus  the  effect  of  the  system  (B)  on  (A)  is  the  same  as  if  (A)  possessed  potential 
energy  equal  to  K,  which  is,  as  we  saw,  the  kinetic  energy  possessed  by  the  system  B, 
which  is  fixed  by  the  kinosthenic  coordinates.  Thus  we  may  look  on  the  potential 
energy  of  any  system  (A)  as  being  the  kinetic  energy  of  a  kinosthenic  system  (B) 
connected  with  A  ;  and  so  we  may  regard  all  energy  as  kinetic.  If  we  do  this  it  will 
simplify  some  of  the  dynamical  principles  very  much.  We  may  take  as  our  funda¬ 
mental  principle  Hamilton’s  Principle  of  Varying  Action,  as  we  can  very  readily 
deduce  from  this  principle  the  ordinary  dynamical  methods,  such  as  Lagrange’s  and 
Hamilton’s  equations.  But  if  all  the  energy  is  kinetic,  then  by  the  principle  of  the 
conservation  of  energy  the  magnitude  of  the  kinetic  energy  remains  constant,  and  the 
principle  of  least  action  takes  the  very  simple  form  that,  with  a  given  quantity  of 
energy,  any  material  system  will  by  its  unguided  motion  pass  from  one  configuration 
to  another  in  the  least  possible  time,  where,  of  course,  in  the  phrase  material  system 
we  include  the  kinosthenic  systems  whose  motion  produce  the  same  effects  as  the 
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potential  energy  of  the  original  system,  and  two  configurations  are  not  supposed  to 
coincide  unless  the  configuration  of  these  systems  coincide  also. 

We  shall,  however,  in  the  following  investigations  sometimes  make  use  of  the 
potential  energy  in  the  usual  way,  as  the  analysis  is  the  same,  and  the  use  of  the 
ordinary  method  saves  a  good  deal  of  explanation. 

§  2.  Let  us  now  go  on  to  consider  the  various  terms  in  the  expression  for  the  kinetic 
energy  of  a  material  system,  taking  into  account  the  geometric,  electric,  magnetic,  and 
thermal  conditions  of  the  system.  We  are  dealing  with  five  sets  of  coordinates — the 
sets  we  have  denoted  by  the  letters  x,  y,  z,  u,  w. 

The  kinetic  energy  T  will  be  of  the  form 

T=-|{[x1cr1]a:13+2[x1cr3]a;1a:2+  .  .  . 

+  [TO]2/i3+2[2/12/3]y1^ 

+  2 [xy]xy+  .  .  . 

+  ...  } 

where  the  quantities  denoted  by  [aqaq],  jjqyJ,  [x±y{\,  may  he  functions  of  the  co¬ 
ordinates  x,  y,  z,  u,  iv. 

The  various  terms  in  T  can  be  divided  into  fifteen  types ;  there  are  five  sets,  one 
corresponding  to  each  of  the  coordinates  x,  y,  z,  u,  w,  where  the  terms  are  of  the  same 
character  as 

f  Y1  'Y  "1  y  ^  _  1  _  Q  |  ry*  ry>  |  /y>  ry> 

I  j|  lA'p  2 

where  each  term  involves  the  squares  of  the  velocities  of  the  coordinates  of  one  kind, 
or  the  product  of  two  velocities  of  the  same  kind :  it  is  evident  that  each  of  these  five 
types  can  exist  in  actual  dynamical  systems. 

There  are  ten  sets  of  the  type 

[xy\xy 

involving  the  product  of  the  differential  coefficients  of  two  coordinates  of  different 
kinds  :  we  can  see,  however,  that  some  of  these  can  not  exist  in  any  actual  material 
system.  Thus,  for  example,  since  the  u  coordinates  only  enter  through  the  tempera¬ 
ture,  there  can  be  no  terms  involving  the  product  of  the  differential  coefficient  of  u 
and  the  differential  coefficient  of  any  of  the  other  coordinates  :  this  consideration 
reduces  the  ten  sets  to  six.  To  determine  whether  terms  of  the  type  of  any  particular 
set  exist  or  not  we  must  determine  what  the  consequences  would  be  if  terms  of  this 
type  did  exist ;  if  these  are  contrary  to  experience  we  conclude  that  terms  of  this  type 
do  not  exist.  We  can  determine  these  consequences  in  the  following  way.  Suppose 
we  have  a  term  in  the  kinetic  energy  equal  to 


(V)V 
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where  X  and  fx  may  be  any  of  the  five  kinds  of  coordinates  which  we  are  considering. 
We  have  by  Lagrange’s  equations 


d  dT  <2T 
dt  dX  dX 


external  force  of  the  type  X 


(6) 


If  instead  of  T  we  consider  only  the  term  (Xp,)Xju,  we  see  that  it  requires  the  existence 
of  a  force  of  the  type  X  equal  to 


(\[x)ix+~{\ii)ixz+t^(\fx)ixv  . . (7) 


and  a  force  of  the  type  [x  equal  to 

—  M^+ (X/r )  w 


(8) 


when  v  is  a  coordinate  of  any  other  type. 

Thus  as  it  is  clearer  to  take  a  definite  case,  suppose  that  X  is  the  geometrical  co¬ 
ordinate  x,  and  jx  then  electrical  coordinate  y,  then  if  the  term  (xy)  xy  occurred  in  the 
expression  for  the  kinetic  energy,  the  mechanical  force  produced  by  a  varying  current 
would  be  different  from  that  produced  by  a  steady  one ;  this  is  shown  by  the  existence 
of  the  term  (xy)y  in  equation  (7),  which  now  represents  the  force  of  type  x,  i.e.,  the 


d 


mechanical  force.  If  [xy]  were  a  function  of  y,  the  term  y\xy\y^,  which  occurs  in 

ay 


the  expression  for  the  mechanical  force,  shows  that  a  current  would  produce  a 
mechanical  force  proportional  to  the  square  of  the  intensity  of  the  current,  and  which 
therefore  would  not  be  reversed  if  the  direction  of  the  current  were  reversed.  Again, 
if  we  consider  the  expression  for  the  force  of  type  y,  that  is,  the  electromotive  force, 
we  see  that  the  existence  of  this  term  implies  the  production  of  an  electromotive 
force  by  a  body  whose  velocity  is  changing  depending  on  the  acceleration  of  the  body  ; 
this  is  indicated  by  the  term  [xy]x :  if  [xy]  were  a  function  of  x,  equation  (8)  shows 
that  a  moving  body  would  produce  an  electromotive  force  proportional  to  the  square 
of  its  velocity.  As  none  of  these  effects  have  been  observed  we  conclude  that  this 
term  does  not  exist. 

Another  point  worthy  of  attention  is  that  the  existence  of  a  force  of  any  type  £ 
say,  in  any  region,  implies  the  existence  in  the  expression  for  the  kinetic  energy  of  that 
region  of  terms  involving  £  or  f,  so  that  if  we  alter  the  values  of  £  or  by  external 
means  there  will  be  either  an  absorption  or  an  emission  of  energy  in  the  region  which 
is  the  seat  of  the  force  of  type  £  This  is  one  method  of  determining  the  seat  of  a 
force.  The  kind  of  energy  absorbed  or  emitted  will  depend  on  the  coordinates  with 
which  £  and  £  are  associated  in  the  expression  for  the  kinetic  energy. 

§3.  We  shall  now  go  through  the  various  types  of  the  terms  which  involve  the 
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products  of  the  differential  coefficients  of  coordinates  of  different  kinds,  and  see 
whether  they  exist  or  not. 

1.  Terms  of  the  type  [xy}xy  :  we  have  just  seen  that  these  terms  do  not  exist. 
See  also  Maxwell’s  ‘  Electricity  and  Magnetism/  vol.  ii.,  chap.  7. 

2.  Terms  of  the  type  {xz}xz  :  z  is  a  coordinate  fixing  the  magnetic  configuration; 
we  can  see  just  as  in  the  last  case  that  the  existence  of  this  term  would  require  the 
production  of  a  magnetic  force  by  a  body  whose  velocity  is  changing  depending  on  the 
rate  of  change  of  the  velocity,  as  well  as  other  similar  effects.  As  these  have  not  been 
observed,  we  conclude  that  this  term  does  not  exist. 

3.  Terms  of  the  type  {xu}xu  :  u  is  a  coordinate  helping  to  fix  the  temperature  ; 
as  the  “As”  only  enter  the  expression  for  the  kinetic  energy  through  the  temperature, 
i.e.,  through  terms  of  the  type  [uu}uz,  we  see  that  these  terms  do  not  exist. 

4.  Terms  of  the  type  {xiv}xw  :  iv  is  a'  coordinate  helping  to  fix  the  strain  con¬ 
figuration  of  the  system  ;  these  may  exist  in  a  vibrating  solid  which  has  also  got  a 
motion  of  translation,  for  the  velocity  of  any  point  in  a  small  element  of  the  solid 
equals  the  velocity  of  the  centre  of  gravity  of  that  element  plus  the  velocity  of  the 
point  relatively  to  the  centre  of  gravity.  This  latter  velocity  will  involve  w,  so  that 
the  square  of  the  velocity,  and  therefore  the  kinetic  energy,  may  involve  the 
product  xiv. 

5.  Terms  of  the  type  {yz}yz:  the  production  of  a  magnetic  field  by  an  electric 
current  such  that  the  direction  of  magnetic  force  is  reversed  when  the  direction  of 
the  current  is  reversed  shows  that  terms  of  this  type  must  exist. 

6.  Terms  of  the  type  {yu}yu  :  the  reasoning  given  when  we  were  discussing 
(3)  terms  of  the  type  { xu}xu  shows  that  terms  of  this  type  do  not  exist. 

7.  Terms  of  the  t}Tpe  {yiv}yw  :  by  reasoning  in  the  same  way  as  we  did  about  the 
general  term  [X/x]\y,  we  can  see  that  if  this  term  exists  a  varying  current  will 
produce  strains  differing  from  those  produced  by  a  steady  current,  and  also  an 
electromotive  force  could  be  produced  by  merely  altering  the  state  of  strain  of  a 
body.  As  these  effects  are  not  known  to  occur,  we  conclude  that  terms  of  this  type 
do  not  exist. 

8.  Terms  of  the  type  {zu}zu  :  the  reasoning  given  when  we  considered  the 
term  (3)  shows  that  terms  of  this  type  do  not  exist. 

9.  Terms  of  the  type  {ziv}zw  :  terms  of  this  type  would  correspond  to  effects 
analogous  in  character  to  those  due  to  the  terms  of  the  type  {yw}yw,  and  as  these 
have  not  been  observed,  we  conclude  that  terms  of  this  type  do  not  exist. 

10.  Terms  of  the  type  \uiv\uw  :  the  reasoning  given  when  we  considered  the 
term  (3)  shows  that  terms  of  this  type  do  not  exist. 

We  thus  see  that  all  the  terms  which  occur  in  the  expression  for  the  kinetic  energy 
of  any  real  material  system  are  of  one  or  other  of  the  following  types  : — 


DYNAMICAL  PRINCIPLES  TO  PHYSICAL  PHENOMENA. 


315 


{ xx }x2 ; 

[yy}y*  ; 

(zzjz2  ; 

{uu}u2  ; 

{ww}  vr  ; 

{xw}xw ; 

{yz}yz. 

§  4.  We  must  now  proceed  to  examine  the  terms  of  these  types  in  greater  detail, 
and  see  what  coordinates  the  coefficients  {xx},  {yy},  &c.,  involve. 

Let  us  commence  with  the  term  {xx}x2,  which  corresponds  to  the  expression  for  the 
kinetic  energy  in  the  ordinary  dynamics  of  a  rigid  body.  We  have  to  consider  what 
coordinates  the  quantity  {xx}  can  be  a  function  of.  We  know  that  it  may  be  a 
function  of  the  geometrical  coordinates  x,  but  we  need  not  consider  here  the 
consequences  of  this,  as  they  are  fully  investigated  in  treatises  on  ordinary  dynamics. 
Next,  {xx}  may  be  a  function  of  the  electrical  coordinates  y,  for  in  a  paper  published 
in  the  Philosophical  Magazine  for  April,  1881,  I  have  shown  that  the  kinetic 
energy  of  a  small  sphere  of  mass  m,  charged  with  a  quantity  e  of  electricity,  and 
moving  with  a  velocity  v,  is 

. <9) 

where  a  is  the  radius  of  the  sphere,  and  p,  the  magnetic  permeability  of  the  medium 
surrounding  the  sphere.  Thus  {xx}  may  be  a  function  of  the  electrical  coordinates. 
The  easiest  way  of  finding  the  effects  of  the  electrification  on  the  motion  of  the  body 
is  to  notice  that  by  equation  (9)  these  effects  are  exactly  the  same  as  those  due  to 
an  increase  4 pe2/l5a  in  the  mass  of  the  sphere,  so  that  whenever  an  electric  charge  is 
communicated  to  a  moving  sphere  its  velocity  will  be  impulsively  changed.  If  the 
sphere  is  in  air  there  will,  of  course,  be  a  limit  to  the  quantity  of  electricity  which 
can  be  accumulated  on  it,  and  so  a  limit  to  the  apparent  increase  in  mass.  Taking 
Dr.  Macfarlane’s  value  for  the  electric  strength  of  air  (Phil.  Mag.,  Dec.,  1880), 
viz.,  75,  as  the  intensity  in  electrostatic  measure  in  O.G.S.  units  of  the  greatest  force 
which  a  fairly  thick  layer  of  air  can  bear,  it  is  easy  to  see  from  equation  (9)  that  the 
ratio  of  the  greatest  apparent  increase  in  mass  to  the  mass  of  the  sphere  is  of  the 
order  3T0 ~19/p  where  p  is  the  density,  measured  in  C.G.S.  units,  of  the  sphere  which 
is  supposed  to  be  solid.  If  the  charge  is  on  the  surface  of  a  thin  spherical  shell,  the 
ratio  will  be  greater  in  the  proportion  of  the  radius  of  the  shell  to  three  times  its 
thickness. 

Let  us  now  go  on  to  consider  the  electrical  effects  of  this  term.  Since  the  potential 
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energy  of  a  charged  sphere  is  e2/2c,  where  c  is  the  capacity  of  the  sphere,  we  see 
from  equation  (9)  that  the  motion  of  the  sphere  will  alter  the  coefficient  of  e2  in  the 
expression  for  the  energy,  and  will  therefore  alter  the  capacity.  To  find  this  altera¬ 
tion  let  us  suppose  that  the  charge  on  the  sphere  is  increased  by  Se,  and  that  Q  is  the 
external  electromotive  force  acting  on  the  sphere,  the  energy  of  the  system  is 


m  2  ju,c2\  0  1  e3 

5  +  15  a  ’r+2Ka’ 


•  (10) 


if  K  be  the  specific  inductive  capacity  of  the  medium  surrounding  the  sphere,  if  the 
increment  in  v  he  Sv,  and  in  e  oe,  the  increment  in  the  energy 


ffl+r5 


i  e^e 

cSc+— 
a  K« 


flV 


(11) 


but  by  the  conservation  of  energy  this  must  equal 

QSe 

Now  since  the  momentum  of  the  sphere  is  not  altered 


— W+zy  — vSe=0 . (12) 

\  15  a  /  15  a 

eliminating  Sc  between  these  equations  we  find 


so  that  the  capacity  of  the  sphere  is  increased  in  the  ratio  of  1  to  1  —  ^  _/xIvn2;  or  since 
by  the  electromagnetic  theory  of  light  /xK  =  1  ju2  where  u  is  the  velocity  of  light,  the 

fit  f$> 

capacity  of  the  sphere  is  increased  in  the  ratio  of  1  to  1  — — — ,  and  thus  the  altera- 
tion  depends  on  the  square  of  the  ratio  of  the  velocity  of  the  sphere  to  the  velocity 
of  light,  and  will  consequently  be  very  small.  If  the  earth  does  not  carry  the  ether 
with  it,  the  alteration  in  velocity  which  occurs  at  a  point  on  the  earth’s  surface  will 
produce  a  diurnal  variation  in  the  capacity  of  a  condenser  at  that  point.  If  the 
condenser  is  a  sphere,  the  maximum  diurnal  variation  in  its  capacity,  which  wall  be 
when  the  direction  of  motion  of  the  solar  system,  is  parallel  to  the  direction  of  motion 
of  the  earth  in  its  orbit :  is  about  4  X  10-8  per  cent,  of  the  capacity  of  the  condenser. 
This  is  much  too  small  to  observe,  but  it  is  remarkable  that  the  capacity  of  a  condenser 
should  depend  upon  its  velocity. 

There  seems  nothing  to  show  that  (xxj  is  a  function  of  the  magnetic  coordinates  z, 
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and  it  cannot  be  a  function  of  the  temperature  coordinates  u  because  these  coordinates 
are  kinosthenic,  i.e.,  they  only  enter  the  expression  for  the  kinetic  energy  through 
their  differential  coefficients. 

In  order  to  see  that  { xx }  may  be  a  function  of  the  strain  coordinates  w,  it  is  con¬ 
venient  to  notice  that  the  kinetic  energy  of  a  system  in  ordinary  dynamics  may  be 
written  in  the  form 

. (14) 

where  M  is  the  mass,  x  a  coordinate  fixing  the  position  of  the  centre  of  gravity,  k  a 
radius  of  gyration,  and  6  the  angle  made  by  a  line  fixed  in  the  body  with  a  line  fixed 
in  space.  Terms  of  the  type  TVL3  evidently  cannot  involve  the  w  coordinates,  but  terms 
of  the  type  M&3#3  may ;  for  take  the  simple  case  of  a  bar  which  is  compressed  at  its 
middle  and  extended  at  its  ends,  rotating  about  an  axis  through  its  centre,  it  is  easy  to 
see  that  the  moment  of  inertia  of  this  rod  about  the  axis  of  rotation  is  less  than  it  would 
be  if  the  rod  were  unstrained,  and  thus  M/r  may  be  a  function  of  the  strain  components. 
These  components  will  in  general  only  enter  through  the  expression  for  the  alteration 
in  the  density,  i.e.,  using  Thomson  and  Tait’s  notation  through  the  expression 
da./dx-\-dfi/dy-\-dy/dz,  and  this  expression  will  only  occur  raised  to  the  first  power  ; 
if  we  employ  the  energy  method  of  forming  the  equations  of  elasticity,  we  easily  find 
that  the  presence  of  this  term  leads  to  the  introduction  of  the  so-called  “  centrifugal 
force  ”  into  the  equations  of  elasticity  for  a  rotating  elastic  solid. 

Collecting  our  results  we  see  that  {xx}  may  be  a  function  of  the  coordinates 
x,  y  and  w,  but  not  of  u  and  probably  not  of  z. 

§  5.  The  next  terms  which  we  have  to  consider  are  the  terms  of  the  type  {yy}y2, 
which  is  supposed  to  include  terms  of  the  form  {y^y^Viy^ 

Now  since  the  kinetic  energy  of  a  circuit  carrying  a  current  y  is  -|L y'2  if  L  be 
the  coefficient  of  self-induction  of  the  circuit,  we  see  that  {yy}  is  a  coefficient  of 
self-induction ;  and  since  the  coefficient  of  self-induction  depends  on  the  shape  of  the 
circuit  {yy}  will  be  a  function  of  the  geometrical  coordinates  which  fix  the  shape  of  the 
circuit  :  since  there  is  a  mechanical  force  between  two  circuits  conveying  electric 
currents,  {y^y*}  must  be  a  function  of  the  geometrical  coordinates  which  fix  the 
relative  position  of  the  circuits,  for  if  it  were  not  so,  we  see  by  Lagrange’s  equations 
that  there  would  be  no  mechanical  action  between  the  circuits.  Let  us  suppose  that 
we  have  two  circuits,  and  that  the  current  in  one  circuit  is  yL  and  the  current  in  the 
other  y2.  Let  the  kinetic  energy  of  the  system  be 

. (15) 

then  if  x  be  any  coordinate  fixing  the  position  of  one  circuit  with  respect  to  the  other, 
Lagrange’s  equation  for  x  shows  that  there  will  be  a  force  tending  to  increase  x 
equal  to 

MDCCCLXXXV.  2  T 
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,dL-  ,  .  PM-  ■  .  ,P N  -  0 


dx 


■dx 


(16) 


Now  we  see  that  dh/dx  and  dddfdx  must  vanish,  otherwise  there  would  be  a  force 
between  the  two  circuits  when  the  current  in  one  of  them  vanished,  thus  we  see  that 
the  coefficients  of  self-induction  are  independent  of  the  position  of  the  other  circuits 
in  the  neighbourhood.  Thus  the  force  tending  to  increase  x  reduces  to 


PM  •  • 


(17) 


We  see  also  from  Lagrange’s  equation  for  the  coordinate  y1  that 


d  PT _ PT 

dt  dy x  dyx 


external  force  of  type  y1 


But 


—  0,  as  we  shall  see  directly,  and  therefore 
dyl 


(18) 


— (Ly1+My3)=  external  force  of  type  yx . (19) 

Cv  6 

so  that  the  term  d(Lyx-\-My2)/dt  will  produce  the  same  effect  as  an  external  electro¬ 
motive  force  equal  to 

-f(L^+Mys) . (20) 

and  thus  there  is  an  electromotive  force  of  this  mao-nitucle  acting  round  the  circuit 
through  which  the  current  yx  flows.  This  expression  expresses  the  law  of  the  induction 
of  currents,  either  by  the  motion  of  neighbouring  circuits  which  convey  currents  or  by 
the  alteration  in  the  magnitude  of  the  currents  flowing  through  these  circuits.  This 
example  is  given  in  Maxwell’s  ‘  Electricity  and  Magnetism,’  vol.  ii.,  chap.  7 ;  it 
illustrates  the  power  of  the  method  very  well,  as  the  existence  of  a  mechanical  force 
between  two  circuits  showed  that  there  was  a  term  of  the  form  Myxy2  hi  the  expression 
for  the  kinetic  energy,  and  from  this  the  law  of  induction  followed  at  once  by 
Lagrange’s  equations.  There  is  no  experimental  evidence  to  show  that  {yy}  is  ever 
a  function  of*  y  the  electrical  coordinates,  and  when  the  system  consists  of  a  lot  of 
conducting  circuits  it  certainly  is  not,  for  if  it  were  the  coefficients  of  self  and  mutual 
induction  in  a  system  of  circuits  would  depend  upon  the  length  of  time  the  current 
had  been  flowing  through  the  circuits;  in  any  case  it  would  involve  the  existence  of 
electromotive  forces  which  would  not  be  reversed  if  the  directions  of  all  the  electric 
displacements  in  the  field  were  reversed. 

There  seems  also  good  reason  for  believing  that  {yy}  is  not  a  function  of  the 
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magnetic  coordinates  z,  for  if  it  were,  a  current  yl  would  produce  a  magnetic  force 
proportional  to  y 12,  and  thus  the  force  would  not  be  reversed  if  the  direction  of  the 
current  were  reversed ;  as  no  such  forces  have  been  observed  we  conclude  that  {yy}  is 
not  a  function  of  z.  It  cannot  be  a  function  of  the  temperature  coordinates  u  because 
these  are  kinosthenic  coordinates. 

The  question  as  to  whether  {yy}  is  a  function  of  the  elastic  coordinates  w  or  not  is 
one  where  the  experimental  evidence  is  somewhat  conflicting.  Both  AYertheim 
(Ann.  de  Chun,  et  de  Phys.  [3],  12,  p.  160,  or  Wiedemann’s  ‘  Lehre  von  der  Elek- 
tricitat,’  vol.  ii.,  p.  403)  and  Tomlinson  (Phil.  Trans.,  1882)  have  observed  that  the 
elasticity  of  a  wire  is  less  when  a  current  is  passing  along  the  wire  than  when  it  is  not, 
and  that  this  diminution  in  the  elasticity  is  not  due  to  the  heat  generated  by  the 
current.  Streintz  (Wien.  Ber.  [2],  67,  p.  323,  or  Wiedemann’s  ‘  Lehre  von  der 
Elektricitat,’  vol.  ii.,  p.  404),  on  the  other  hand,  was  unable  to  detect  any  such  effect. 
Supposing  that  the  passage  of  a  current  of  electricity  along  a  wire  does  alter  the 
elasticity  of  it  there  must  be  terms  in  the  kinetic  energy  of  the  form 

2/3{A(e+/+5r)3+B(e3H-/3+/— 2e/—  2ge— 2fg+a*+b2+c2)}  .  .  (21) 

where  e,  f  g,  a,  b,  c  denote  as  before  the  six  strains ;  comparing  this  expression  with 
that  for  the  potential  energy  of  a  strained  solid,  and  remembering  that  this  energy  is 
kinetic  and  not  potential,  we  see  that  the  rigidity  is  diminished  by  B y2  and  the  bulk 
modulus  by  (A— B/3)y3.  Let  us  consider  what  electrical  effects  this  term  will  indicate  ; 
since  half  the  coefficient  of  y1  in  the  expression  for  the  kinetic  energy  is  the  coefficient 
of  self  induction  of  the  circuit  conveying  the  current  y :  we  see  that  if  this  term  exists 
the  coefficient  of  self-induction  of  a  circuit  will  be  increased  by  straining  the  wire 
which  forms  the  circuit;  it  wall  be  increased  because  Wertheim’s  experiments  show 
that  the  elasticity  was  diminished  by  the  passage  of  a  current,  and  therefore  that  B  is 
positive;  so  that  if  a  current  be  flowing  along  a  wire  it  will  be  momentarily  diminished 
if  the  wire  be  twisted.  If  the  coefficients  of  induction  are  altered  by  straining  the 
wire  the  force  between  two  currents  or  two  elements  of  current  will  be  altered  by 
straining  the  wires  along  which  they  flow,  even  although  the  intensity  of  the  currents 
is  kept  constant ;  this  is  contrary  to  Ampere’s  hypothesis  that  the  force  between  two 
elements  of  a  circuit  conveying  a  current  depends  upon  nothing  but  the  strength  of 
the  currents  and  the  position  of  the  elements.  If  this  term  exists  we  shall  see  if  we 
make  a  numerical  calculation  that  the  alteration  in  the  coefficient  of  self-induction  of  a 
coil  due  to  the  straining  of  the  wire  of  which  it  is  made  is  likely  to  be  much  more 
easily  detected  than  the  corresponding  alteration  in  the  elasticity  produced  by  the 
passage  of  a  current  of  electricity.  For  using  the  C.G.S.  system  of  units  the 
coefficients  of  elasticity  are  quantities  of  the  order  10u;  thus,  taking  copper  as  an 
example,  Young’s  modulus  is  L234  X  1013  and  the  coefficient  of  rigidity  is  4‘47  X  1 011, 
so  that  we  shall  be  under  the  mark  if  we  take  1011  as  the  value  of  a  coefficient  of 
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elasticity  for  copper.  Thus,  supposing  that  we  can  measure  a  coefficient  of  elasticity 
correct  to  one  part  in  a  thousand,  in  order  that  we  may  be  able  to  detect  the 
alteration  in  the  coefficient  of  elasticity  produced  by  a  current  of  10  amperes — whose 
value  in  absolute  measure  is  unity — the  quantities  A  and  B  must  be  at  least  TO11/! 000 
or  108.  Now  we  can  produce  strains  in  a  copper  wire  greater  than  1/10000  without 
breaking  the  wire,  and  if  we  produce  strains  of  this  magnitude  the  alteration  in  the 
coefficient  of  self-induction  will  be  between  1  and  10  per  centimetre  of  wire  in  the 
coil ;  supposing  A  to  be  108 ;  this  is  a  very  large  change  in  the  coefficient  of  self-induc¬ 
tion,  and  ought  to  be  easily  detected,  much  more  easily  than  the  corresponding  changes 
in  the  elasticity  of  a  copper  wire  produced  by  the  passage  of  a  current  of  electricity. 

To  sum  up,  we  see  that  {yy}  is  a  function  of  the  coordinates  of  the  type  x,  but  not  a 
function  of  the  y,  z,  or  u  coordinates,  while  it  is  doubtful  whether  it  is  a  function  of 
the  strain  coordinates  w  or  not. 

§  6.  Let  us  now  consider  the  terms  of  the  type  { zz}z 3,  these  are  the  terms  which 
express  the  magnetic  energy  of  the  system.  In  §  1  we  discussed  a  method  of  fixing 
the  magnetic  configuration  by  means  of  coordinates.  To  fix  the  intensity  of  magneti¬ 
sation  we  use  two  coordinates,  y  and  £,  of  which  y  is  a  coordinate  of  a  geometrical 
kind,  and  £  a  kinosthenic  coordinate,  and  they  are  chosen  so  that  the  intensity  of 
magnetisation  is  y£,  where  £  is  the  momentum  of  the  type  £.  Since  £  is  a  kinosthenic 
coordinate  f  is  constant,  it  is  therefore  convenient  to  use  ^  instead  of  £  in  the  expres¬ 
sion  for  the  kinetic  energy.  Now  Bouth  (‘  Stability  of  Motion,’  p.  62)  has  shown 
that  if  6  be  a  coordinate  and  clTJdd=a,  then  if  we  eliminate  6'  from  the  expression 

T'=T— a& . (22) 

we  may  use  Lagrange’s  equations  for  all  the  other  coordinates  if  we  use  the  function 
T'  instead  of  T.  Let  us  apply  this  theorem  to  the  case  we  are  considering :  suppose 
we  have  a  term  of  the  form  A£3  in  the  expression  for  the  kinetic  energy  T,  we  must 
eliminate  £  by  the  use  of  the  equation 


f=f . 

as 

.  .  .  (23) 

and  use  T'  instead  of  T  where 

T=T-£i . 

. M 

thus  the  term  containing  in  T'  is 

ill 

2  a . 

. (25) 

this  is  of  the  same  magnitude  as  the  corresponding  term  in  T  but  of  opposite  sign. 
[This  change  of  sign  is  instructive  if,  as  we  have  done  in  this  paper,  ure  regard 
potential  energy  as  kinetic  energy  due  to  kinosthenic  coordinates,  for  it  explains  at 
once  why  the  Lagrangian  function  is  T  —  V  and  not  T-f-V  ;  for  as  we  saw  above,  the 
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kinetic  energy  due  to  the  kinosthenic  coordinates  enters  with  the  negative  sign  into 
the  equations  of  motion.]  As  we  suppose  that  is  the  intensity  of  magnetisation,  it 
is  convenient  to  write  (25)  as 


(26) 


where  B=A yf. 

If  H  be  the  external  magnetic  force,  the  work  done  when  the  intensity  of  mag¬ 
netisation  is  increased  by  S  (y£)  is  —H8(rji)  or  as  £  remains  constant  —HgSy,  and 
thus  Lagrange’s  equations  as  modified  by  Routh  give 


dt  dv  dv  —  ^ 

or  when  things  have  settled  down  to  a  steady  state 


dV 


applying  this  equation  to  the  term  —  VrC/B  we  get 


(27) 


(28) 


din 

b)  dv  f  =H 
B  J 


(29) 


Thus,  since  is  the  intensity  of  magnetisation  and  H  the  magnetising  force,  the 
coefficient  of  magnetic  induction,  which  we  shall  denote  by  k,  will  be  given  by  the 
equation 


B 


B 


2  B 


dB 

dr) 


1  i  d  lQg  B 
2  d  log' 


(30) 


A.t  present  we  shall  only  consider  magnetic  induction,  and  suppose  that  there  is  no 
permanent  magnetisation  in  the  part  of  the  system  which  we  are  considering. 

[When  a  piece  of  soft  iron  is  placed  in  a  magnetic  field  where  the  force  is,  for  the 
sake  of  simplicity,  supposed  to  be  parallel  to  x  and  equal  to  X,  the  energy  is  —IX 
where  I  is  the  intensity  of  magnetisation,  since  I  =  £77,  the  energy  = — f^X. 

Now  when  the  energy  is  expressed  in  terms  of  the  velocities,  Lagrange’s  equation 
gives 

d  dT  dT 
dt  dx  dx 


—  external  force  parallel  to  x  . 


(31) 
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so  that  the  existence  of  T  implies  a  force  parallel  to  x  equal  to  dT/dx,  but  if  T  is  tire 
energy  expressed  in  terms  of  the  momenta  instead  of  the  velocities, 

dT'__tfT 
dx  dx’ 

so  that  the  force  parallel  to  x— — dT' /dx.  As  in  our  case  the  energy  is  expressed  in 
terms  of  the  momenta,  and  not  of  the  velocities,  we  see  that  the  force  parallel  to  x 

(32) 


(33) 

the  usual  expression,  though  (32)  is  preferable.'"'] 

{ zz }  cannot  be  a  function  of  the  electrical  coordinates  y,  because  if  it  were  electro¬ 
motive  forces  due  to  magnetised  bodies  would  exist  which  would  not  be  reversed 
when  the  magnetism  of  all  the  bodies  in  the  field  was  reversed. 

{zz}  cannot  be  a  function  of  the  quantity  £  which  helps  to  fix  the  intensity  of 
magnetisation,  for  if  it  were  the  kinetic  energy  would  no  longer  be  a  quadratic 
function  of  £  but  would  involve  higher  powers.  It  may,  however,  be  a  function  of  y, 
and  will  be  so  if  the  coefficient  of  magnetic  induction  depends  upon  the  intensity  of 
magnetisation.  As  experiments  show  that  this  is  the  case  we  conclude  that  {zz}  is  a 
function  of  y. 

A  large  number  of  experiments  have  been  made  in  order  to  find  the  value  of  the 
coefficient  of  magnetic  induction  for  all  values  of  the  intensity  of  magnetisation ;  all 
these  experiments  agree  in  showing  that  the  coefficient  diminishes  as  the  intensity  of 
magnetisation  increases,  so  much  so  indeed  that  there  is  a  maximum  value  of  the 
intensity  of  magnetisation  which  cannot  be  exceeded  however  intense  the  magnetising 
force  may  be.  As  the  experiments  are  not  sufficiently  consistent  to  lead  to  the 
determination  of  the  law  connecting  the  intensity  of  magnetisation  with  the  coefficient 
of  magnetic  induction,  all  that  we  can  do  is  to  take  some  empirical  law  which  agrees 
with  one  set  of  experiments  and  deduce  its  consequences.  It  is  probable  that  the 
results  will  in  their  main  features  agree  with  those  which  could  be  deduced  from  the 
true  law.  For  our  purpose  we  shall  take  the  empirical  law  proposed  by  Stefan 
(Wiedemann’s  ‘  Lehre  von  der  Elektricitat,’  vol.  3,  p.  432),  which  is  expressed  by  the 
equation 


=  I 

dX  ? 


=1 


dx 


or  since  I  =  KX 


=iAKX2* 


*  This  paragraph  lias  been  re-written  since  the  paper  was  sent  in  to  the  Royal  Society. 
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1 

k 


P-(  lo-I)* 


6. 


(34) 


where  &  is  the  coefficient  of  magnetisation,  I  the  intensity  of  magnetisation,  I0  the 
maximum  value  of  this  intensity,  and  a,  b,  n  constants,  n  being  less  than  unity.  If 
we  express  the  intensity  of  magnetisation  in  terms  of  £  and  rj  the  corresponding  law 
will  be 


1  a' 

k  vl~n(Vo~v)n 


(35) 


where  a'  is  a  new  constant  and  rj0  the  maximum  value  of  rj. 
But  by  equation  (32) 


so  that 


therefore 


or 


1_  1  cUif 
k  2 r\ 


_  i  d  a> 

2r)  drj\Bj  Vl'n(Vo~vY 


-g=V-2a-r-  , 

B  J  oV  (vo—v)" 


1_7  2a'  C”  q"  .7 

??2  — ^)'J  17 


B 


When  r)=r]Q,  i.e.,  when  rj  has  its  maximum  value 

_i_  2 a!  r(l  +  n)r(l-?t) 

B  }  Vo  r(2) 


where  r  denotes  the  ordinary  gamma  function.  But 


and 

so  that  in  this  case 


r(l+n)r(l—  n)= 


mr 

sin  mr 


r(2)=i 


1 j  2a!  mr 

B  ?;0  sin  mr 


(36) 


(37) 


(38) 


this  expression  shows  that  1/B  is  finite  when  rj  —  Vip  but  equation  (34)  shows  that  1  [k 
is  infinite  when  1=I0,  which  corresponds  to  y]=Vo’  so  that  when  the  magnetic  force 
is  so  great  that  the  iron  or  other  magnetisable  substance  is  magnetised  to  saturation 
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—  B  and  k  will  differ  widely.  According  to  equation  (32)  the  force  acting  on  a  piece 
of  soft  iron  placed  in  a  magnetic  field  is 


{IX} 


(39) 


if  I  be  the  intensity  of  magnetisation,  but  according  to  the  ordinary  formula  it  is 
equal  to  the  differential  coefficient  with  respect  to  X  of  the  energy  per  unit  volume 


(40) 


Now  we  have  just  seen  that  B  and  k  differ  widely  when  I  approaches  the  value 
which  it  has  when  the  iron  is  magnetised  to  saturation,  so  that  if  our  view  be  correct 
the  ordinary  formula  will  not  give  correct  results  in  this  case. 

[zz]  cannot  be  a  function  of  the  heat  coordinates  a,  as  these  are  kinosthenic. 
Joule’s  discovery  that  a  bar  of  soft  iron  lengthens  when  magnetised  in  the  longi¬ 
tudinal  direction,  and  that  the  increment  in  length  is  proportional  to  the  square  of  the 
intensity  of  the  magnetisation,  shows  that  {zz}  is  a  function  of  the  strain  coordinates  w. 
We  shall  consider  in  some  detail  a  few  of  the  consequences  of  this  result.  Let  us 
suppose  that  we  longitudinally  magnetise  a  soft  iron  bar,  whose  length  is  in  the 
direction  of  the  axis  of  x ;  let  e,  f  g  be  the  dilatations  at  any  point  of  the  bar  parallel 
to  the  axes  of  x,  y,  z  respectively. 

Then  neglecting  for  the  present  any  torsion  there  may  be  in  the  bar  the  potential 
energy  V  of  the  strained  bar  will  in  the  usual  notation  be 

\m{e  +f+gYJr\n(el+p+g9'-2ef- 2eg-2fg)  .....  (41) 

But  if  T'  has  the  same  meaning  as  in  equation  (22) 

T'= terms  not  depending  on  the  magnetic  coordinate  —  J  — 

—  (42) 


if  I  be  the  intensity  of  magnetisation.  Joule’s  discovery  shows  that  B  is  a  function  of 
the  strain  coordinates  e,f  g.  If  there  is  no  external  force  tending  to  strain  the  bar, 
the  modified  Lagrangian  equation  gives,  when  things  are  in  a  steady  state, 


dJF  dY 
de  de 


(43) 


with  similar  equations  for  J’ and  g. 
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or  considering  only  the  term  —  I3/2B  in  the  kinetic  energy  we  have 

iI2|eg+w(e+/+^)  +  ^(e-/~^)  =  ° . (44) 

Now  Joule  found  that  the  volume  of  the  bar  was  not  altered,  so  that  e-{-f-^-g  =  0 
and  the  last  equation  becomes 

*Isi(g)+2Be=°  •  ■  •  . . <45> 

or“=i|(-g) . (46) 

as  the  bar  lengthens  when  it  is  magnetised  e  is  positive,  and  thus  —  1/B  increases 
with  e. 

Going  back  to  equation  (29)  we  have,  if  H  be  the  external  magnetic  force, 

C('ifr" . <47> 

or  as  it  may  be  written 

II=(I)=H . (48) 

Let  us  suppose  that  the  magnetising  force  H  remains  constant,  then  I  will  increase 
if  —  d(F/B)/c/P  diminishes,  and  diminish  if  this  quantity  increases.  If  the  change  in 
this  quantity  is  due  to  an  increase  Se  in  the  elongation,  equation  (48)  shows  that  the 
corresponding  increase  81  in  the  intensity  of  magnetisation  will  be  given  by  the 
equation 

. (49) 

dI3\By 

hut  if  k  be  the  coefficient  of  magnetic  induction 

vk-IGD . (50) 

by  equation  (48) ;  so  that 

si=-!SSe . (51) 

MDCCCLXXXV.  2  U 
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but  if  E  be  the  elongation  of  the  bar  produced  when  the  bar  is  magnetised  so  that  the 
intensity  of  magnetisation  is  I,  equation  (46)  shows  that 


dl2  2  d¥  de  \  BJ 


(52) 


so  that  by  equation  (51) 


1_  dk 
de 


by  equation  (50) 


81= 


(53) 


Now,  since  the  elongation  increases  with  the  intensity  of  magnetisation — at  any 
rate  when  the  latter  is  strong — c/E/c/P  is  positive,  so  that  from  equation  (53)  Se  and 
81  will  have  the  opposite  sign,  so  that  if  the  strain  of  a  strongly  magnetised  soft  non 
bar  be  increased  the  intensity  of  its  magnetisation  will  be  diminished.  The  experi- 
ments  of  Villari  and  Sir  William  Thomson  confirm  this  result,  but  each  of  these 
physicists  found  that  if  the  intensity  of  magnetisation  was  below  a  certain  critical 
value,  an  increase  in  the  strain  was  accompanied  by  an  increase  in  the  intensity  of 
magnetisation  ;  equation  (53)  shows  that  when  this  is  the  case  c/E/c/P  must  be 
negative,  so  that  a  soft  iron  bar  will  contract  on  magnetisation  when  the  magnetising 
force  is  small.  I  have  not  been  able  to  find  any  experiments  on  the  extension  of  soft 
iron  bars  under  the  action  of  small  magnetising  forces.  Sir  William  Thomson  found 
that  the  critical  force  was  about  thirty  times  the  earth’s  vertical  force  at  Glasgow,  so 
that  to  test  this  point  the  magnetising  force  ought  to  be  less  than  this  value.  The 
critical  value  of  the  magnetisation,  i.e.,  the  intensity  of  magnetisation  when  it  is  not 
altered  by  slightly  straining  the  bar,  is  given  by  the  equation 


d  d^_  P 
de  dV  B  —  0 


(54) 


Sir  William  Thomson’s  experiments  show  that  this  value  of  I  depends  upon  the 
state  of  strain  of  the  bar ;  hence  we  see  that  equation  (54)  must  involve  e,  so  that  if 
1/B  be  expanded  in  powers  of  e  it  must  contain  powers  of  e  about  the  first,  but  if  l/B 
involves  the  square  of  e  there  will  be  a- term  in  the  expression  for  the  kinetic  energy 
of  the  form  APe3,  and  as  the  coefficients  of  elasticity  depend  upon  the  coefficients  of 
e2  in  the  expressions  for  the  kinetic  and  potential  energies,  we  see  that  in  this  case  the 
elasticity  of  a  soft  iron  wire  will  be  altered  by  magnetisation.  Many  experiments 
have  been  made  to  detect  this  effect,  but  with  negative  results ;  an  investigation 
similar  to  that  on  page  313  will  show  however  that  the  effect  on  the  critical  value  of 
magnetisation  will  be  more  easily  detected  than  the  effect  on  the  elasticity.  Since 


DYNAMICAL  PRINCIPLES  TO  PHYSICAL  PHENOMENA. 


327 


1/B  contains  powers  of  e  higher  than  the  first,  the  terms  which  involve  e  may  be 
written  in  the  form 

ae+/?e2+  .  .  . 


Thus,  if  we  neglect  the  terms  containing  higher  powers  of  e  than  the  second,  d(l/B)de, 
which  equals  a+2 fie,  will  change  sign  when  e=—a/2 fi.  Equation  (46)  shows  that 
a  soft  iron  bar  will  expand  or  contract  on  magnetisation  according  as  the  strain  e  in  it 
makes  the  expression  a-[-2fie  negative  or  positive;  this  changes  sign  when  e  passes 
through  the  critical  value  —a/2 fi,  so  that  a  soft  iron  bar  when  strained  beyond  a 
certain  limit  will  contract  instead  of  expanding  when  it  is  magnetised.  Some  ex  peri' 
ments  which  Joule  made  on  the  effect  of  magnetising  soft  iron  bars  which  were  under 
great  tension  confirm  this  result.  Joule  found  (Sturgeon’s  “  Annals  of  Electricity, 
1842,”  Phil.  Mag.,  1847)  that  when  soft  iron  wires  were  stretched  beyond  a  certain 
limit  they  became  shorter  instead  of  longer  when  they  were  magnetised ;  since  the 
limiting  strain  is  an  extension,  the  limiting  value  of  e,  —a/ 2/3  must  be  positive,  so 
that  a  and  (3  must  be  of  opposite  signs ;  and  as  a  is  negative  when  the  magnetisation 
is  intense,  /3  must  in  this  case  be  positive,  and  if  (3  be  positive  the  coefficients  of 
elasticity  will  be  increased  as  we  can  see  from  equation  (41),  so  that  we  conclude  that 
the  elasticity  of  a  soft  iron  bar  will  be  diminished  by  strong  magnetisation,  i.e.,  the 
same  force  will  not  stretch  it  so  much. 

A  great  many  relations  exist  between  torsion  and  magnetism,  but  many  of  these 
are  relations  between  permanent  magnetism  and  permanent  set,  both  of  which  are 
outside  the  scope  of  this  paper.  We  shall  confine  ourselves  to  the  relations  existing 
between  temporary  magnetisation  and  twists  which  are  not  large  enough  to  give  the 
body  any  permanent  set.  Since  the  magnetisation  of  a  soft  iron  bar  is  altered  by 
twisting  it,  1/B  (using  the  same  notation  as  before)  must  be  a  function  of  the  torsion 
coordinates  a,  b,  c :  let  us  suppose  as  before  that  the  length  of  the  bar  is  parallel  to 
the  axis  of  x,  then  the  coordinate  a  will  fix  the  rotation  of  the  bar  round  this  axis. 

The  couple  tending  to  twist  the  bar  is  by  the  modified  Lagrangian  equation  for  a, 
equal  to  dT' /da,  and  this  equals 

_i!  I1!) 

ziki\B  ' 


if  oj  be  the  angle  through  which  this  couple  twists  the  bar  and  n  the  coefficient  of 
rigidity, 


1  d_  /F 

2  n  da\  B 


(5G) 


When  a  twisted  bar  is  magnetised  it  untwists  to  a  certain  extent  (Wiedemann’s 
£  Lehre  von  der  Elektricitat/  vol.  3,  p.  692),  but  if  an  untwisted  bar  be  magnetised  it 
does  not  twist  at  all;  this  shows  that  if  1/B  be  expanded  in  ascending  powers  of 
a,  the  first  power  must  be  absent,  for  if  it  were  present  an  untwisted  rod  would 
become  twisted  when  it  was  magnetised.  By  a  similar  investigation  to  that  by 

2  u  2 
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which  we  established  equation  (53),  we  find  that  if  81  be  the  change  in  the  intensity 
of  magnetisation  when  the  twist  in  the  bar  is  increased  by  an  angle  So,  and  h  the 
coefficient  of  magnetisation,  then 

sr=-2«n^8« . (57) 


Now  since  a  soft  iron  wire  untwists  when  the  magnetisation  is  increased,  dco/dl 3  is 
negative,  so  that  SI  and  ct  have  the  same  sign  if  h  be  positive ;  hence  we  see  that  the 
magnetisation  is  increased  by  twisting  the  rod :  this  agrees  with  Wiedemann’s  result. 
He  found,  however,  that  when  the  twist  exceeded  a  certain  value  the  magnetisation 
was  diminished  instead  of  being  increased  by  twisting.  Equation  (57)  shows  that  in 
this  case  dco/dl2  must  be  positive,  or  when  the  original  twist  is  great  the  bar  will  no 
longer  be  untwisted  when  it  is  magnetised  but  twisted.  Professor  G.  Wiedemann’s 
experiments  show  that  this  is  the  case/"  There  are  many  other  relations  between 
magnetism  and  torsion  which  can  be  investigated  in  this  way,  but  we  have  no  space 
to  consider  them  here. 

§  7.  We  must  now  go  on  to  consider  the  part  of  the  kinetic  energy  which  depends 
upon  the  temperature,  and  which  we  denote  by  { u u ) id.  We  considered  before  a  way 
of  fixing  the  temperature  by  means  of  coordinates  :  we  supposed  that  it  was  fixed  by  the 
coordinates  ux,  u.2, .  .  .  un.  Since  the  temperature  depends  upon  the  whole  of  the  terms 
involving  u,  and  not  in  a  special  way  upon  any  one  term  in  particular,  we  see  that 
if  one  of  the  u’s  enters  into  any  term  it  must  be  because  the  whole  of  that  part  of  the 
kinetic  energy  which  depends  upon  the  differential  coefficients  of  the  u’s  enters  into 
the  term.  Let  us,  as  before,  call  this  part  of  the  energy  ©,  then  if  vv  v2>  v«>  •  •  • 
be  the  momenta  of  the  type  ulf  u2,  .  .  .  u„,  we  have  by  equation  (8) 

e=H_a!_+_^_+  ... 

2 1 K,  {u2,  u°}' 


As  ©  is  the  energy  in  unit  of  volume  the  total  amount  of  energy 


of  this  kind  is 


f[ 


© dxdydz 


(58) 


As  the  consideration  of  the  terms  of  the  tyj>e  { uu}u 2  is  somewhat  difficult,  in  order 
to  simplify  it  we  shall  neglect  all  the  effects  due  to  radiation,  which  is  equivalent  to 
supposing  that  the  bodies  are  incapable  of  radiating  or  absorbing  heat. 

If  this  is  so  { uu }  cannot  be  a  function  of  the  geometrical  coordinates  x,  for  if 
it  were  it  would  be  possible  to  alter  the  temperature  of  a  body  by  merely  moving  it 
about. 

*  ‘  Die  Lebre  von  cler  Elektricitat.’  Dritter  Band.  S.  688. 
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The  phenomena  of  thermo-electricity  show  that  { u ,  v}  must  be  a  function  of  the 
electrical  coordinates  y,  but  it  is  difficult  to  determine  the  form  of  this  function  with 
certainty.  The  two  most  striking  phenomena  in  thermo-electricity  are  (l)  the  Peltier 
effect  which  shows  that  electromotive  forces  exist  at  the  junction  of  different  metals 
in  the  thermoelectric  circuit,  and  (2)  the  Thomson  effect  which  shows  that  electro¬ 
motive  forces  exist  throughout  an  unequally  heated  conductor.  We  shall  try  to  find 
a  term  whose  presence  in  the  expression  for  the  kinetic  energy  would  correspond  to 
these  effects.  Let  us  consider  a  circuit  formed  by  two  metallic  wires  each  parallel 
to  the  axis  of  x,  \et  p,  q,  r  denote  the  components  of  the  electric  displacement  parallel 
to  the  axes  of  x,  y,  z  respectively,  let  us  suppose  that  we  have  in  the  expression  for 
the  kinetic  energy  per  unit  of  volume  the  term 


Jij_.it  ,dr\@ 

yte  dy  dzj 


(59) 


where  k  is  a  quantity  which  depends  upon  the  material  of  which  the  wire  is  made. 
Thus  the  expression  for  the  energy  of  the  wires  will  contain  the  term 


(GO) 


In  order  to  avoid  considerations  about  discontinuity  let  us  suppose  that  k  instead 
of  changing  abruptly  as  we  go  from  one  wire  to  another  changes  very  rapidly  but 
continuously  throughout  a  small  region  enclosing  the  junction  of  the  wires,  when  we 
wish  to  pass  to  the  actual  case  we  shall  suppose  the  rate  of  variation  to  increase  and 
the  size  of  the  region  to  diminish  indefinitely. 

Now 


,dp  do  ,  dr\ _  7  ,  , 


=  —  J|kG) (/p +mg +«?')(/, S — j'|[ ( Pj(k<S> ) + qj( kH) +rjy<~d))dxdt/dz  .  (Gl) 


where  d S  is  an  element  of  the  surface  bounding  the  region  through  which  we 
integrate,  and  l,  m,  n  are  the  direction  cosines  of  the  normal  to  this  surface  drawn 
inwards.  The  case  we  are  considering  is  that  of  two  wires  parallel  to  the  axis  of  x, 
for  by  far  the  greater  part  of  their  length  the  bending  which  is  necessary  to  make 
their  ends  join  being  supposed  to  occupy  an  indefinitely  small  space.  Let  us  suppose 
that  the  electric  displacement  is  parallel  to  the  axis  of  x,  then  the  surface  integral 
vanishes  and  the  term  under  consideration 


=-.fff(4('t®)+4(K®)+i<'<e))^& 


(62) 
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or  since  q  and  r  both  vanish 


=  -l|  I  pjr(«&)dxd,ych 


(63) 


We  see  by  Lagrange’s  equation  for  p  that  this  corresponds  to  an  electromotive 
force  at  each  point  of  the  bar  equal  to 


(64) 


and  if  we  remember  that  cIk/cIx  becomes  infinite  in  the  limit  at  the  junction  of  the 
wires  we  see  by  integrating  over  this  region  that  the  potential  close  to  the  junction  in 
the  wire  (2)  will  exceed  that  close  to  the  junction  in  wire  (1)  by  —  (/c2 —  /q)®,  where 
k.2  and  /q  are  the  values  of  k  in  the  wires  (2)  and  (1)  respectively. 

The  force  — d(K@)/dx  is  that  which  corresponds  to  the  Thomson  effect ;  the  difference 
of  potentials  at  the  junction  is  analogous  to  the  Peltier  effect ;  it  is,  however,  pro¬ 
bable  that  other  terms  of  the  form 


|  j"  |  pK®dxdydz 


may  occur  in  the  expression  for  the  kinetic  energy  near  the  junction,  and  the  effects 
due  to  these  terms  may  add  on  to  the  others ;  indeed,  if  the  other  terms  explain  the 
Thomson  effect,  there  must  be  some  additional  terms  of  this  kind  required  to  explain 
the  Peltier  effect,  for  otherwise  the  total  electromotive  force  round  the  circuit  would 
vanish. 

Since 

dp  dq  dr _ 

dx+dy+dz  =  P 


where  p  is  the  volume  density  of  the  free  electricity,  we  may  write 


as 


I'll '  Kp®dxdydz 


If  we  keep  the  term  in  this  form,  and  consider  the  temperature  effects  to  which  it 
corresponds,  we  are  led  to  suspect  the  existence  of  some  very  remarkable  phenomena. 

Writing  ©  in  full  we  see  that  in  the  expression  for  the  energy  per  unit  volume 
there  is  the  term 


Ke{{u1u1}u12+  «V+ 


I 

i 


(65) 
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if  e  be  the  charge  of  electricity  per  unit  volume,  or  if  we  write  vx,  v2  .  .  .  for  the 
momenta  corresponding  to  ulf  u2  .  .  .  we  see  that  the  energy  may  be  expressed  as 


1 

(1  +  /ce) 


KM 


(G6) 


Then  if  e  be  increased  by  Se  this  "part  of  the  energy,  which  is  measured  by  the 
temperature,  will  be  diminished  by 


f  V  ,  V  J  1  *Se 
{%%)  '  '  *  i(l  +  «c)2 


(67) 


or  if  Ke  be  small  we  may  put  1/(1 +  xe)3  equal  to  1,  and  write  ©  where  ©  is  the 
temperature  for 


so  that  (67)  becomes 


{U\U\)  {U2U2\ 
S©=  — @/<8e 


(68) 


Thus  if  k  be  positive  the  temperature  of  the  body  will  be  diminished  by  communicating 
to  it  a  positive  charge  of  electricity,  or  electricity  will  behave  like  a  substance  with 
real  specific  heat.  Since  the  electromotive  force  in  an  unequally  heated  conductor 
=  —d(Kd)/dx,  when  k  is  positive  the  current  goes  from  the  hot  to  the  cold  parts  of 
the  wire,  but  when  this  is  the  case,  what  Sir  William  Thomson  calls  the  “specific 
heat  of  electricity  in  the  conductor,”  is  negative.  In  this  case  we  see  that  the 
temperature  of  the  body  will  fall  or  rise  according  as  a  charge  of  positive  or  negative 
electricity  is  communicated  to  it :  when  k  is  negative  or  the  “  specific  heat  of  electricity 
in  the  conductor  ”  positive,  the  temperature  will  rise  when  a  positive  and  fall  when  a 
negative  charge  of  electricity  is  communicated  to  the  body.  These  effects  have,  as 
far  as  I  know,  never  been  observed. 

Another  relation  between  heat  and  electricity  is  afforded  by  the  phenomenon  of 
pyroelectricity.  This  phenomenon  is  well  illustrated  by  a  crystal  of  tourmaline  which 
when  warmed  becomes  positively  electrified  at  one  end,  which  we  shall  call  the 
positive  end,  and  negatively  electrified  at  the  other,  which  we  shall  call  the  negative 
end.  Sir  William  Thomson  has  shown  that  this  phenomenon  can  be  explained  by 
supposing  that  there  is  an  electric  displacement  in  the  tourmaline  depending  upon  the 
temperature.  Now  if  {uu]  involves  the  coordinates  which  fix  the  electric  displace¬ 
ment  we  can  easily  see  that  there  must  be  such  an  effect.  For  take  the  case  of  a 
tourmaline  crystal  whose  axis  is  taken  as  the  axis  of  x,  the  positive  direction  of  the 
axis  being  that  drawn  from  the  negative  to  the  positive  ends  of  the  crystal ;  let  p  be 
the  electric  displacement  parallel  to  this  axis,  and  suppose  that  in  the  expression  for 
the  energy  per  unit  volume  there  is  the  term 
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. (69) 

where  4>(p)  merely  denotes  some  function  of  p  and  ©  denotes  the  temperature  as 
before.  By  Lagrange’s  equation  we  see  that  there  will  be  an  electromotive  force 
parallel  to  the  axis  of  x  and  equal  to 

. (70) 

so  that  if  K  be  the  specific  inductive  capacity  of  the  tourmaline  the  electric  displace¬ 
ment  will  be 

. (7i) 


and  this  will  depend  upon  the  temperature,  which  is  all  that  is  required  for  Sir  William 
Thomson’s  explanation.  Let  us  now  consider  the  effect  of  the  term  </>(y>)©  upon  the 
temperature.  We  see,  as  in  the  last  case,  that  the  part  of  the  energy  on  which  the 
temperature  depends  may  be  expressed  in  the  form 


{ttpq}  {u2u2} 


+  ... 


1  + 


(72) 


where  i\,  v,2,  .  .  .  va  will  remain  constant,  so  that  if  p  be  increased  by  Sp  the  tempera¬ 
ture  will  be  diminished  by 


and  we  may  write  this  as 


LW 

S©=— © 


{l  +  0(p)p 
P(p) 


i  +  <Mp) 


■  ■  ■  (73) 

.  .  .  (74) 


As  the  positive  direction  of  x  is  that  drawn  from  the  negative  to  the  positive  ends 
of  the  crystal  the  electric  displacement  in  this  direction  must  be  positive,  hence  we 
see  from  equation  (71)  that  <f>(p)  is  positive;  but  if  <£'( p )  be  positive  we  see  from 
equation  (74)  that  when  p  is  increased  the  temperature  will  fall.  Thus  if  we  take  a 
tourmaline  crystal  and  place  it  in  an  electric  field  so  that  the  line  joining  the  negative 
end  of  the  crystal  to  the  positive  is  in  the  direction  of  the  electric  force,  the  tem¬ 
perature  of  the  tourmaline  crystal  will  fall  when  the  strength  of  the  field  is  increased 
and  rise  when  it  is  diminished. 

§  8.  We  know  that  when  there  are  inequalities  both  of  strain  and  temperature  in  a 
circuit  made  of  one  kind  of  substance  there  will  be  an  electromotive  force  acting  round 
the  circuit,  but  if  the  strain  be  uniform  this  E.M.F.  will  vanish  however  the  tempera¬ 
ture  may  vary  provided  it  remains  continuous,  while  if  the  temperature  be  uniform 
the  E.M.F.  Avill  vanish  however  the  strain  may  vary  from  point  to  point. 

Let  us  suppose  that  the  circuit  consists  of  a  wire  of  which  ds  is  an  element  of  arc, 
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and  that  e  denotes  the  longitudinal  extension ;  then  if  in  the  expression  for  the  kinetic 
energy  there  is  a  term  of  the  form 

w f . <75> 

where  6  denotes  the  temperature,  y  the  quantity  of  electricity  which  has  crossed  any 
section  of  the  wire,  and  /(e)  denotes  any  function  of  e,  Lagrange’s  equation  shows 
that  the  E.M.F.  round  the  circuit  equals 

. <7s> 

this  vanishes  when  6  is  constant  and  also  when  e  is  constant,  so  that  the  theory  does 
not  indicate  the  existence  of  a  current  when  experiment  shows  that  there  is  none. 
If  we  suppose  that  the  circuit  consists  of  two  pieces  of  the  same  kind  of  wire,  in  one 
of  which  the  longitudinal  strain  is  constant  and  equal  to  e  while  the  other  piece  is 
unstrained,  and  that  one  of  the  junctions  of  the  strained  and  unstrained  pieces  is  at  a 
temperature  91  and  the  other  at  a  lower  temperature  0,2,  then  the  E.M.F.  round  the 
circuit  tending  to  make  the  current  flow  from  the  strained  to  the  unstrained  wire 
across  the  hot  junction  is 

. (U) 

where  f(o)  denotes  the  value  of  /(e)  when  (e)  is  zero.  von  Titnzelmann  (Phil. 
Mag.  [5],  5,  p.  339)  has  proved  that  the  current  is  reversed  when  the  strain  exceeds 
a  certain  limit,  this  shows  that /(e)  cannot  be  a  linear  function  of  e,  but  must  involve 
powers  of  e  above  the  first. 

Since  the  term 

(a  y$£f(e)ds 

involves  the  coordinates  which  fix  the  state  of  strain  of  the  wire,  it  indicates  the 
existence  of  certain  stresses  in  it.  Let  a  be  the  displacement  of  a  particle  parallel  to 
ds  an  element  of  the  arc  of  the  wire,  then  if  a  becomes  a-f-Sa,  e  is  increased  by 
d.hajds,  when  this  change  occurs  in  <?,  the  change  in  the  term 


(a  ,jej/(e)ds 


!  if  we  integrate  this  by  parts  we  see  that  the  coefficient  of  §a  is 

|Ay{^/(e)-|(r(4)}* 

2  x 
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since  y  is  constant  along  the  wire,  the  expression  may  be  written 


so  that  at  each  point  of  the  rod  there  is  a  force  tending  to  increase  a  equal  to 


From  the  form  of  this  expression  we  see  that  the  force  should  increase  with  y,  which 
increases  indefinitely  with  the  time  the  current  has  been  flowing,  so  that  theoretically 
this  expression,  and  therefore  the  stress,  should  increase  indefinitely  with  the  time ;  in 
this  case,  however,  other  considerations  will  come  in  to  modify  this  result.  If  we 
imagine  that  the  strain  is  constant  along  one  of  the  wires  the  expression  (79)  becomes 


%/(e) 


eve 

els 3 


(80) 


but  by  the  theory  of  the  conduction  of  heat  cl'2 0 /ds2  varies  as  dO/dt  if  there  is  no  loss 
by  radiation,  so  that  in  this  case  the  force  per  unit  length  of  the  wire  varies  as 

yf(4 . («> 

so  that  if  we  have  a  current  flowing  through  a  wire,  one  half  of  which  is  heated  to 
redness  and  if  necessary  strained,  if  the  temperature  of  the  wire  be  allowed  to 
equalise  itself  by  conduction  there  will  be  forces  along  the  wire  tending  either  to 
stretch  or  compress  it,  and  if  the  parts  which  are  losing  heat  are  compressed,  the 
parts  where  the  temperature  is  rising  will  be  extended. 

§  9.  Effects  of  Heat  upon  Magnetism. 

The  magnetic  properties  of  bodies  are  very  much  affected  by  heat,  thus  a  very  high 
temperature  seems  to  destroy  altogether  both  the  magnetic  susceptibility  and  the 
power  of  retaining  magnetism.  This  shows  that  {uu}  the  type  of  the  coefficient  of 
the  squares  of  the  differential  coefficient  of  the  us  must  involve  the  coordinates  which 
fix  the  magnetic  configuration  ;  these  coordinates  are  of  two  kinds  :  one,  which  is  of  a 
geometrical  type,  we  shall  denote  as  before  by  y,  the  other,  which  is  a  kinosthenic 
coordinate,  will,  as  before,  be  denoted  by  £,  and  the  momentum  corresponding  to  it  by 
£ ;  the  coefficient  of  u2  cannot  contain  the  kinosthenic  coordinate,  because  if  it  did  it 
would  not  be  of  the  dimensions  of  kinetic  energy,  it  must  therefore  contain  the 
geometrical  coordinate  y  only.  Suppose  that  in  the  expression  for  the  kinetic  energy 
there  is,  using  the  same  notation  as  before,  a  term  of  the  form 
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U(v) 


T  will  contain  the  term 


V  , 

2 

'  2  + 

{«!?<!  } 

{Uiu2}  ' 

modified  Lagram 

o 

I  v? 

4-  2  4- 

1  r  1 

(82) 


•  •  •  •  (83) 


but  we  saw  before  in  equation  (25)  that  T  also  contained  the  term 

iii2 
2  B 

so  that  if  H  be  the  external  magnetising  force  we  have,  by  the  modified  Lagrangian 
equations, 


iA(t£)+LrM!^L 

‘‘  dri\  E  !  +  "J  "I  !«,)-,! 


ul\  {%«2} 

so  that  if  k  be  the  coefficient  of  magnetic  induction 


(84) 


1_JL  d^ 

1~J2  drf 


dV ■ 


(85) 


where  ©  is  the  temperature.  It  is  convenient  to  write  the  terms  in  this  way,  because 
f{rj)  must  be  an  even  function  of  rj,  otherwise  the  magnetic  susceptibility  would  be 
altered  by  reversing  the  direction  of  magnetisation.  If  k0  be  the  part  of  the  magnetic 
induction  which  does  not  depend  upon  the  temperature 


i_i  Li  A  ft 
Jc~k 0+P 

so  that,  approximately 


(86) 

(87) 


if  we  suppose  that  the  second  term  in  the  bracket  is  small  compared  with  the 
first,  thus 


dk__  W  d_ 


(88) 


Now  let  us  consider  the  effect  of  this  term  on  the  temperature.  There  is  in  the 
expression  for  the  kinetic  energy  the  term 


2x2 


(89) 
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Now,  suppose  that  no  heat  is  supplied  to  the  body,  but  that  77  is  increased  by  dr), 
the  vs  will  remain  constant,  so  that 


{“Phi 


(90) 


or  if/ (77)  be  small  compared  with  unity 


since  in  this  case  we  may  write 


=  hf'(v)®Zv 


thus 


or 


©: 


KM 


4-  .  .  •  nearly 


P© 

dr/ 


=U'(v)® 


■  J,  y, ®  by  equation  (87) 


iiB_  e  <a 

<71  *0  <70 


(91) 


(92) 


(93) 


if  I  be  the  intensity  of  magnetisation  ;  if  H  be  the  magnetising  force  we  may  write 
this  equation,  since  I  =  Z:H,  as 


P©  _  PI 

PH-”®  P©’ 


where  the  magnetising  force  is  supposed  to  remain  constant  in  the  differential 
coefficient  on  the  right  hand  side  of  this  equation  and  the  coefficient  of  magnetic 
induction  on  the  left. 

Thus  if  the  coefficient  of  magnetic  induction  increases  with  the  temperature,  the 
temperature  of  a  soft  iron  bar  will  be  lowered  by  magnetisation.  It  is  difficult  to  tell 
from  the  experiments  which  have  been  made  what  the  effect  of  temperature  on  the 
coefficient  of  magnetic  induction  really  is ;  according  to  Wiedemann,  when  the 
substance  has  been  repeatedly  heated  and  cooled  down  again  to  its  initial  temperature, 
the  coefficient  of  magnetic  induction  of  soft  iron  diminishes  as  the  temperature 
increases,  while  for  hard  steel  it  increases  with  the  temperature  provided  the  tempera¬ 
ture  does  not  exceed  a  certain  limit.  Thus  the  temperature  of  hard  steel  ought  to 
fall  when  it  is  magnetised  and  the  temperature  of  soft  iron  to  rise.  As  far  as  is 
known  the  temperature  of  all  bodies  rises  on  magnetisation,  but  this  may  be  due  to 
the  electric  currents  induced  by  the  sudden  starting  of  the  magnetic  field ;  unless  the 
heat  generated  by  these  currents  is  allowed  for  the  results  tell  us  nothing  as  to 
whether  the  temperature  is  raised  or  lowered  when  the  magnetisation  is  increased. 
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The  effect  of  temperature  depends,  too,  upon  the  magnitude  of  the  magnetising 
force;  thus  Baur  (Wiedemann’s  Annalen,  xi.,  1880)  finds  that  for  soft  iron  the 
coefficient  of  magnetic  induction  increases  with  the  temperature  if  the  magnetising 
force  be  less  than  about  3 '6,  while  if  the  magnetising  force  be  greater  than  this  the 
coefficient  of  magnetic  induction  diminishes  as  the  temperature  increases.  Equation  (8  8) 
shows  that  if  this  is  the  case  df{rj)jdyf  must  be  a  function  of  rj ;  it  is  probably  of  the 
form  a  { 1  —  Kyf } ,  where  the  critical  value  of  g  is  l/\/ k. 

Since  the  As  are  kinosthenic  coordinates  { uu }  cannot  be  a  function  of  them. 

As  the  coefficients  of  elasticity  depend  upon  the  temperature  {uu}  will  be  a  function 
of  the  coordinates  which  fix  the  strain  configuration  of  the  system  ;  now  the  coefficients 
of  elasticity  are  the  coefficients  of  the  squares  of  the  strain  coordinates  in  the  expression 
for  the  kinetic  energy  ;  so  that  using  the  ordinary  notation  for  the  strain  coordinates 
we  may  suppose  that  the  term 

l{a(c+/+tq)H^(e2+/3+/-2e/-2^-2/^+a3+&2+c3)}{^j+  .  .  .j  (95) 


occurs  in  the  expression  for  the  kinetic  energy  T  ;  in  T',  the  function  which  takes  the 
place  of  T  in  the  modified  Lagrangian  equations,  this  term  will  occur  with  the  opposite 
sign. 

Since  the  equation  for  any  of  the  coordinates  a,  b,  c,  e,  f  g  is  of  the  type 

clT  dY 

— — +—  =  external  force  of  type  e . (96) 

de  de  J 1  '  ’ 


we  see  that  the  effect  of  the  presence  of  the  term  (94)  is  the  same  as  if  the  coefficients 
of  elasticity  denoted  by  Thomson  and  Tait  in  their  treatise  on  Natural  Philosophy  by 
the  letters  m  and  n  were  increased  by 


a 


P 


{  v\ 

L 1 

{^2  %} 

or  a  9 


[ugh)  {%%} 


+  .  .  .  I  or  /3d 


1 


J 


(97) 


respectively,  if  6  be  the  temperature,  since  we  may  neglect  the  small  part  of  it  due  to 
the  terms  we  are  considering.  Let  us  now  consider  the  effect  of  this  term  upon  the 
temperature,  and  to  illustrate  the  point  in  the  simplest  way  let  us  suppose  that  all  the 
strains  but  e  vanish,  then  if  e3  be  increased  by  Se3  the  corresponding  increase  S©  in  the 


temperature  is  by  equation  (95) 

i(“+«(tW+'-')Se5 . (98) 

or 

S0=i(a+/3)l9Se3 . (99) 
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but  by  equation  (97)  we  see  that 


dm  n  dn 

a=,w ;  /3=^ 


dd 


so 


that 


M=i ^(m+n)Ses  .  . 


(100) 

(101) 


so  that  if  the  coefficient  of  elasticity  diminish  with  the  temperature,  as  is  the  case  for 
most  substances,  an  increase  in  the  strain  will  produce  a  lowering  of  temperature 
which  can  be  calculated  by  equation  (101);  if,  on  the  contrary,  the  coefficient  of 
elasticity  increase  with  the  temperature  so  that  d(m-\-n)/d0  is  positive,  an  increase  in 
the  strain  will  cause  the  temperature  to  rise.  These  results  were  given  by  Sir 
William  Thomson  in  his  paper  on  the  “Dynamical  Theory  of  Heat”  (‘Mathematical 
and  Physical  Papers/  xlviii.,  §  202). 

§  10.  The  next  term  in  order  is  the  coefficient  of  the  squares  of  the  differential  co¬ 
efficients  of  the  coordinates  which  fix  the  strain  configuration.  From  the  way  this  co¬ 
efficient  arises  we  can  see  that,  in  the  present  state  of  our  knowledge,  there  is  no  reason 
to  believe  that  these  involve  any  of  the  coordinates  which  we  are  considering.  For  if 

rj,  £,  are  the  coordinates  of  the  centre  of  an  element  dxdydz  of  an  elastic  solid,  and 
if  p  be  the  density  of  the  element,  which  is  supposed  to  be  so  small  that  its  density 
may  be  taken  as  uniform,  then  the  kinetic  energy  of  the  strained  solid  equals 

^p(&+vf+t?)dxdydz . (102) 

Now  pdxdydz  is  not  altered  by  moving  the  body  about,  so  that  when  the  integration 
is  completed  the  coefficient  of  w*  will  not  involve  the  geometrical  coordinates  x.  It  is 
conceivable  that  it  might  depend  upon  the  electrical  coordinates,  just  as  the  coefficient 
of  x2  may  depend  upon  these  quantities  ;  but  if  this  were  so,  the  capacity  of  a 
condenser  would  be  altered  by  making  the  air  between  the  plates  vibrate,  and  the 
time  of  vibration  of  a  bar  made  of  some  dielectric  would  be  altered  by  communicating 
a  charge  of  electricity  to  it.  This  latter  phenomenon  actually  takes  place,  but  it  is 
probably  due  to  an  alteration  in  the  elasticity  of  the  bar  produced  by  the  electricity, 
and  not  to  an  effect  of  the  kind  we  are  considering.  As  there  is  no  experimental 
evidence  that  the  coefficient  of  id1  does  involve  the  electrical  coordinates,  we  shall  not 
consider  what  the  effects  of  its  doing  so  would  be.  The  same  thing  applies  to  the 
magnetic  coordinate  y.  The  coefficient  of  w2  is  evidently  not  a  function  of  the 
temperature  or  strain  coordinates. 

§  11.  The  most  important  term  containing  the  product  of  differential  coefficients  of 
coordinates  of  different  kinds  is  the  term  containing  the  product  of  the  rate  of 
changes  of  the  electric  and  magnetic  coordinates.  In  considering  this  term  we  shall 
use  the  same  notation  as  before,  but  it  will  be  convenient  to  resolve  y  into  three 
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components,  yl,  ym,  yn,  parallel  to  the  axes  of  x,  y,  z  respectively.  We  are  at  liberty 
to  do  this,  as  y  is  evidently  a  vector.  If  we  take  Ampere’s  theory  of  magnetism, 
yl,  yin,  yn  will  be  proportional  to  the  excess  of  the  number  of  normals  to  the  planes 
of  the  currents  round  the  molecules  which  point  in  the  positive  direction  of  the  axes 
of  x,  y,  z  respectively  over  those  which  point  in  the  corresponding  negative  directions. 
If  £  has  the  same  meaning  as  before,  ylfj,  ym£,  yng  will  be  the  components  of 
magnetisation  in  the  directions  x,  y,  z  respectively.  It  is  proved  in  Maxwell’s 
‘  Electricity  and  Magnetism,’  vol.  ii.,  art.  634,  that  if  we  have  currents  whose 
components  parallel  to  the  axes  of  x,  y,  z  respectively  are  it,  v,  w,  placed  in  a  magnetic 
field,  the  kinetic  energy  of  the  two 

=  ||  |  (F  it + Gv + LLt>)  dxdydz . (103) 

where  (‘  Electricity  and  Magnetism,’  vol.  ii.,  art.  405) 


(104) 


where  p  is  the  reciprocal  of  the  distance  of  the  point  where  the  components  of 
magnetisation  are  y£l,  y£m,  y£n  from  the  point  where  the  components  of  current  are 
u,  v,  w.  To  apply  Lagrange’s  equations  we  must  see  what  T',  the  function  which 
takes  the  place  of  T  in  the  modified  Lagrangian  equation,  becomes  in  this  case,  as  we 
saw  before  that  some  of  the  terms  occurred  with  opposite  signs  in  T  and  T'. 

Suppose  that  in  the  expression  for  the  kinetic  energy  we  have  the  terms 


■gA^r  +  B<£t \  ' . (105) 

and  that  <£  is  a  gyroscopic  coordinate,  then 

T'=T —<£<*> . (106) 

where  <t>  is  the  momentum  corresponding  to  <f>,  so  that,  considering  these  terms  alone, 

fi>=A^H-Bi p . (107) 


rrv 


Cfi2 


Substituting  for  we  find 
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so  that  though  the  term  in  <t>3  and  xfj2  occur  with  opposite  signs  in  T  and  T',  the  term 

involving  the  product  <£>.*//  occurs  with  the  same  sign  in  both.  On  this  account  we  may 
apply  Lagrange’s  equation  to  the  term 

) )  j  ( Fu-fi  G  v  +  H  w)  dxdydz 

as  it  stands. 

If  we  apply  Lagrange’s  equation  to  the  x  coordinate  we  see  that  the  force  per  unit 
volume  parallel  to  x  on  the  element  conveying  the  current  u,  v,  w  is 


u 


dF 

dx 


L  dG  , 

+VT,+W 


dH 

dx 


(109) 


or 


f  dG  dF]  fdF  dH]  ,  dF  ,  dF  , 

v\  ,  ,  +«  +v  ,  + 


L dx  dlJ 


dz  dx  J 


dx 


dy 


IV 


dF 

dz 


dF  dF  dF 

this  differs  from  Maxwell’s  expression  for  the  force  by  the  term  u  -\-v  —  -\-iv~. 

1  J  dx  dy  dz 


This  term  vanishes  when  integrated  over  a  closed  circuit.  There  will  be  correspond¬ 
ing  expressions  for  the  forces  parallel  to  y  and  z  respectively.  We  have  thus  the  forces 
given  in  Maxwell  plus  the  forces 


dF  dF  dF 
u  —  -\-v  —  -\-iv  — 
dy 


dx 

dG 


dz 

dG 


dG 

UTx+V^+W~d. 


dH  ,  dH  ,  dH 

U--+V- - fwy 

dy  dz 


dx 


parallel  to  the  axes  of  x,  y,  z  respectively.  We  can  prove  that  if  the  circuits  are 
closed  these  form  a  system  of  forces  in  equilibrium,  so  that  the  force  on  any  closed 
circuit  is  the  same  as  that  given  by  Maxwell’s  theory. 

If  we  apply  Lagrange’s  equations  to  the  electrical  coordinates  we  find  that  the 
electromotive  forces  parallel  to  the  axes  of  x,  y,  z  are  respectively  — dF/dt,  — dG/dt , 
—dH/dt.  And  if  we  apply  them  to  the  magnetic  coordinates  yl,  ym,  yn,  writing  in 
the  expression 


F«  +  Gr + H  w)dxdydz 


the  values  of  F,  G,  H  given  in  equations  (104)  we  find  that  the  magnetic  forces  parallel 
to  the  axes  of  x,  y,  z  respectively  are 
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(110) 


where  r  is  the  distance  between  the  point  where  the  magnetic  force  is  required  and 
the  point  where  the  components  of  the  electric  current  are  u,  v,  w.  The  expressions 
(110)  agree  with  the  ordinary  expressions  for  these  forces. 

Wiedemann  has  shown  that  an  electric  current  flowing  through  a  longitudinally 
magnetised  iron  wire  twists  the  wire.  This  shows  that  the  coefficient  of  the  term  we 
are  considering  is  a  function  of  the  strain  coordinates.  Let  us  suppose  that  we  have 
a  current  flowing  through  a  straight  longitudinally  magnetised  wire  coinciding  with 
the  axis  of  x ;  let  a  denote  the  twist  of  the  wire  round  the  axis  of  x,  y  the  strength  of 
the  current,  and  or  I  the  intensity  of  magnetisation,  then  we  have  a  term  in  the 
expression  for  the  kinetic  energy  of  the  form 


fipfoty . (m) 

where  f[a)  denotes  some  function  of  a. 

We  see  by  Lagrange’s  equation  for  the  coordinate  a  that  the  couple  H  tending  to 
twist  the  wire  is  given  by  the  equation 

yi-f\a)r]^y=ff(a)ly . •  (112) 


If  we  apply  Lagrange’s  equation  to  the  electrical  coordinate  we  see  that  this  term 
corresponds  to  an  electromotive  force  E  given  by  the  equation 

E=-f{/G)I} . (113) 

so  that  if  we  twist  a  magnetised  iron  wire  we  shall  get  an  electric  current.  This 
phenomenon  has  been  observed.  If  we  suppose  that  the  intensity  of  magnetisation 
remains  constant,  equation  (113)  becomes 

■  E=-/»; fT . am 

or  from  (112) 

E  y=  — Clct 
2  Y 


MDCCCLXXXV. 


(115) 
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If  we  apply  Lagrange’s  equation  to  the  magnetic  coordinate  17  we  see  that  there  is 
a  magnetising  force 

=f(a)y . (116) 

so  that  when  an  electric  current  flows  along  a  twisted  wire  it  magnetises  it.  This 
phenomenon  has  also  been  observed. 

§  12.  We  may  complete  our  survey  of  the  terms  in  the  kinetic  energy  with  this 
example  as  the  term  which  contains  the  product  of  the  velocities  of  the  geometrical 
and  strain  coordinates  does  not  give  rise  to  questions  of  much  interest,  and  we  saw 
that  this  was  the  only  other  product  term  in  the  expression  for  the  kinetic  energy. 

We  have  hitherto  made  the  very  important  restriction  that  the  cases  we  considered 
were  those  where  there  were  no  resistances,  frictional  forces,  or  such  things  as  electric 
resistance,  &c,  If  we  give  a  wide  enough  meaning  to  the  term  material  system,  we 
ought  to  be  able  to  deduce  such  forces  from  the  dynamics  of  such  systems  by  the  use 
of  the  ordinary  dynamical  methods.  Forces  of  this  kind  are  assumed  to  be  propor¬ 
tional  to  the  velocities  of  the  corresponding  coordinates,  and  a  steady  transformation 
from  one  kind  of  energy  into  another,  generally  heat,  is  supposed  to  go  on  without 
any  reverse  transformation  taking  place.  It  can,  however,  I  think,  he  proved  that 
such  forces  cannot  be  deduced  from  the  dynamics  of  an  ordinary  system,  supposing 
the  arrangement  of  the  system  to  remain  continuous.  What  I  believe  the  equations 
of  motion  with  the  frictional  forces  inserted  in  the  usual  way  give,  is  a  result  which  is 
true  on  the  average  taken  over  a  time  which  depends  upon  the  nature  of  the  problem, 
but  is  not  true  at  any  particular  instant.  Thus,  to  take  the  case  of  electrical  resistance 
as  an  example,  we  may  look  upon  an  electrical  current  flowing  along  a  wire  as  the 
limit  of  what  happens  when  we  produce  a  succession  of  sparks  across  an  air  space  by 
means  of  an  electrical  machine  ;  if  we  suppose  the  interval  between  the  sparks  to 
diminish  indefinitely,  the  discharge  will  behave  like  a  continuous  current,  and  we  may 
suppose  a  continuous  current  to  be  a  succession  of  discharges  following  each  other  at 
very  short  intervals.  The  ordinary  electrical  equations  writh  the  resistances  inserted 
in  the  usual  way  will  give  the  mean  state  of  things  when  the  mean  is  taken  over  a 
time  which  includes  a  good  many  discharges,  but  it  does  not  represent  the  state  of 
things  at  any  particular  instant.  I  hope  in  a  future  paper  to  return  to  the  theory  of 
this  kind  of  average  motion  of  dynamical  systems. 
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V.  On  the  Constant  of  Magnetic  Rotation  of  Light  in  Bisulphide  of  Carbon. 

By  Lord  Rayleigh,  M.A.,  D.C.L.,  F.R.S. 

Received  December  29,  1884 — Read  January  15,  1885. 

1.  The  phenomenon,  to  which  the  present  investigation  relates,  is  Faraday’s 
discovery  of  the  “  Magnetisation  of  Light,”  or  in  more  usual  language  the  rotation 
of  the  plane  of  polarisation  of  light  in  traversing  certain  media  exposed  to  powerful 
magnetic  force.  One  of  the  characteristics  of  this  rotation  is  that  it  takes  place 
in  the  same  absolute  direction  which  ever  way  the  light  may  be  travelling,  differing 
in  this  respect  from  the  rotation  which  occurs  without  the  operation  of  magnetic 
force  in  quartz  and  many  organic  liquids.  Advantage  of  this  property  has  been 
taken  by  Faraday  and  others  in  order  to  magnify  the  effect.  By  reflecting  the 
light  backwards  and  forwards  it  is  possible  to  make  it  traverse  several  times  a  field 
of  force  whose  length  is  limited. 

A  consequence  remarkable  from  the  theoretical  point  of  view  is  the  possibility 
of  an  arrangement  in  which  the  otherwise  general  optical  law  of  reciprocity  shall 
be  violated.  Consider,  for  example,  a  column  of  diamagnetic  medium  exposed  to 
such  a  force  that  the  rotation  is  45°,  and  situated  between  two  Nicols,  whose 
principal  planes  are  inclined  to  one  another  at  45°.  Under  these  circumstances 
light  passing  one  way  is  completely  stopped  by  the  second  Nicol,  but  light  passing 
the  other  way  is  completely  transmitted.  A  source  of  light  at  one  point  A  would 
thus  be  visible  at  a  second  point  B,  when  a  source  at  B  would  be  invisible  at  A ; 
a  state  of  things  at  first  sight  inconsistent  with  the  second  law  of  thermodynamics. 

2.  It  is  known  that  the  rotation  may  be  considered  to  be  due  to  the  propagation 
at  slightly  different  velocities  of  the  two  circularly  polarised  components,  into 
which  plane  polarised  light  may  be  resolved  ;  and  it  is  interesting  to  consider 
what  difference  of  velocity  our  instrumental  appliances  enable  us  to  detect.  A 
retardation  amounting  to  one  wave  length  (X),  of  one  circularly  polarised  component 
relatively  to  the  other  would  correspond  to  a  rotation  of  the  plane  of  polarisation 
through  180°.  If  we  can  observe  a  rotation  of  one  minute,  we  are  in  a  position 
to  detect  a  retardation  of  X/10800.  If  l  be  the  thickness  traversed,  v  and  v  +  Sr 
the  two  velocities  of  propagation,  the  relative  retardation  is  l  hv/v.  To  take  an 
example,  suppose  that  £=20  inches,  X=40{)Q0th  inch;  so  that  if  Sv/v  exceed  10“8, 
the  fact  might  be  detected.*  It  appears  therefore  that  we  are  able  to  observe 
extraordinarily  minute  relative  differences  in  the  velocities  of  propagation  of  the  two 
circularly  polarised  rays. 


*  Camb.  Nat.  Sci.  Trip.  Ex.,  1883. 
2  Y  2 
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3.  The  laws  of  the  phenomenon  were  investigated  in  detail  by  Verdet,  who  proved 
experimentally  that  in  a  given  medium  the  rotation  between  any  two  points  on  a  ray 
of  light  of  given  kind  is  proportional  to  the  difference  of  magnetic  potential  at  those 
points.  When  the  path  of  the  ray  is  singly  or  doubly  curved,  the  rotation  is  to  be 
estimated  upon  principles  similar  to  those  applicable  to  twist in  curved  rods.t 

4.  Absolute  determinations  of  magnetic  rotation  in  bisulphide  of  carbon  have 
been  made  by  Gordon,  l  and  by  H.  Becquerel,  §  whose  results  differ,  however, 
by  about  9  per  cent.  The  former  obtained  his  magnetic  force  by  means  of  an 
electric  current  circulating  a  great  many  times  round  the  column  of  CS3.  This 
column  being  a  good  deal  longer  than  the  coil,  the  electromagnetic  effect  is 
approximately  determined  by  the  strength  of  the  current  and  the  number  of 
turns.  Of  these  data  the  first  was  found  by  a  comparison  with  H  (the  horizontal 
component  of  terrestrial  magnetism).  The  number  of  windings  in  the  coil  was 
determined,  not  by  a  simple  counting,  but  cl  posteriori  by  an  electrical  process. 

In  M.  Becquerel’s  experiments  the  magnetic  force  was  that  of  the  earth  acting 
on  a  column  of  CS3  more  than  3  metres  in  length.  The  very  small  effect  (obtained 
by  reversal  of  the  apparatus  in  azimuth)  was  augmented  by  causing  the  light  to 
pass  the  tube  3  or  5  times,  but  even  with  5  passages  the  double  rotation  amounted 
to  only  about  30  minutes.  M.  Becquerel  regards  his  determination  for  sodium  light 
as  accurate  to  within  1  per  cent.,  which  would  be  indeed  a  wonderful  result  con¬ 
sidering  the  smallness  of  the  rotation. 

5.  It  is  important  to  observe  that  great  care  is  required  in  order  to  define  with 
sufficient  accuracy  the  kind  of  light  employed.  Since  the  rotation  is  approximately 
proportional  to  \-i,  a  change  from  one  sodium  line  to  the  other  would  make  a 
difference  of  two  parts  per  thousand.  Both  of  the  above-mentioned  experimenters 
started  with  white  light.  Gordon  threw  a  spectrum  upon  a  screen,  perforated  with 
a  slit,  the  position  of  which  was  adjusted  to  correspond  with  the  thallium  line;  while 
Becquerel  corrected  his  results  indirectly  by  a  subsequent  comparison  between  the 
effects  of  the  more  mixed  light  used  by  him  and  that  emitted  by  sodium. 

Considering  that  the  employment  of  white  light  involved  very  elaborate  arrange¬ 
ments  for  analysis  (according  to  wave  length),  in  order  to  avoid  errors  exceeding- 
in  magnitude  those  likely  to  be  encountered  in  the  polarimetric  or  electric  determina¬ 
tions,  I  decided  to  use  light  actually  emitted  from  sodium  vapour.  The  sodium 
chloride  was  held  by  a  spoon  of  platinum  gauze  in  the  flame  of  a  small  ordinary 

*  Thomson  and  Tait’s  ‘Natural  Philosophy,’  §§  119-123. 

f  When  polarised  light  passes  from  one  medium  to  another,  e.g.,  from  air  to  glass,  the  plane  of 
polarisation  is  in  general  twisted  without  the  operation  of  any  magnetic  force.  This  effect,  however, 
depends  upon  a  part  of  the  light  being  diverted  by  reflection,  and  would  disappear  if  the  transition 
from  one  medium  to  the  other  were  gradual,  i.e.,  occupied  a  stratum  a  few  wave-lengths  thick.  (See 
Proc.  Math.  Soc.,  vol.  xi.,  No.  159). 

+  Phil.  Trans.  1877,  p.  1. 

§  Ann.  d.  Chimie,  1882. 
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Bunsen  burner  (fig.  1,  A).  As  in  Mr.  Glazebrook’s  optical  investigations,  the 
evaporation  of  the  salt  and  the  temperature  of  the  flame  were  stimulated  by  a  jet 
of  oxygen  gas,  brought  in  laterally  and  caused  to  play  round  the  gauze. 


© 

A 

C  B 

A.  Bunsen  burner. 

B.  Mirror  with  slit. 

C.  Back  mirror. 

D.  Direct  vision  prism. 

E.  Collimating  lens. 


Fig.  1. 


i 


F.  Polarising  Nicou. 

G.  Sugar  cell. 

H.  Tube  of  bisulphide  of  carbon. 

I.  Screen  (blackened  inside). 

J.  Analysing  Nicol. 


At  the  close  of  the  experiments  I  examined  the  light  thus  obtained  with  a  powerful 
spectroscope,  and  found  that  under  the  influence  of  the  oxygen  the  originally  narrow 
bright  lines  dilate  almost  to  the  point  of  contact,  thus  forming  a  bright  field  upon 
which  the  dark  D-lines  are  seen  with  beautiful  definition.  Although  the  distribution 
of  light  appeared  to  be  tolerably  symmetrical,  it  is  a  question  to  what  degree  of 
accuracy  the  mean  quality  of  this  light  can  be  identified  with  that  coming  from 
midway  between  the  D-lines.  Probably  we  shall  be  safe  in  estimating  that  the  error 
from  this  cause  is  well  below  y^Yo- 

The  bright  part  of  the  flame  being  much  larger  than  is  required,  a  screen  (B), 
perforated  with  a  slit,  may  conveniently  be  interposed.  In  this  course  there  are  two 
advantages.  It  allows  us  to  purify  the  light  from  rays  of  other  refrangibilities  (of 
which  there  is  always  a  sensible  accompaniment,  both  red  and  blue),  by  use  of  a 
direct- vision  prism  (D).  Again,  by  making  this  screen  of  looking-glass,  from  which 
a  narrow  strip  of  silvering  is  removed,  and  by  backing  the  flame  with  a  parallel 
mirror  (C),  we  gain  by  repeated  reflections  to  and  fro,  an  important  increase  of 
illumination.  The  success  of  the  polarimetry  is  very  dependent  upon  the  intensity  of 
the  light,  but  there  must  be  also  a  reasonable  steadiness.  Several  arrangements  of 
flame  which  at  first  promised  well  failed  in  the  latter  requirement. 

6.  The  rays  from  the  slit,  after  purification  by  the  direct  vision  prism,  are  rendered 
parallel  by  a  collimating  lens  (E)  and  pass  into  the  polarising  Nicol  (F).  The  polari- 
meter  employed  is  on  the  principle  of  Laurent,  but  according  to  a  suggestion  of 
Poynting*  the  half-wave  plate  of  quartz  is  replaced  by  a  cell  (G)  containing  syrop,  so 
arranged  that  the  two  halves  of  the  field  of  view  are  subjected  to  small  rotations 
differing  by  about  2°.  The  difference  of  thicknesses  necessary  is  best  obtained  by 
introducing  into  the  cell  a  piece  of  thick  glass,  the  upper  edge  of  which  divides  the 

*  Phil.  Mag.,  July,  1880. 
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field  into  two  parts.  The  upper  half  of  the  field  is  thus  rotated  by  a  thickness  of 
syrop  equal  to  the  entire  width  of  the  cell  (say  ■§•  inch),  but  in  the  lower  half  of  the 
field  part  of  the  thickness  of  syrop  is  replaced  by  glass,  and  the  rotation  is  corres¬ 
pondingly  less.  With  a  pretty  strong  syrop  a  difference  of  2°  may  be  obtained  with 
a  glass  inch  thick.  For  the  best  results  the  operating  boundary  should  be  a  true 
plane  nearly  perpendicular  to  the  face.  The  pieces  used  by  me,  however,  were  not 
worked,  being  simply  cut  with  a  diamond  from  thick  plate  glass  ;  and  there  was  usually 
no  difficulty  in  finding  a  part  of  the  edge  sufficiently  flat  for  the  purpose,  i.e.,  capable 
of  exhibiting  a  field  of  viewT  sharply  divided  into  two  parts.  I  had  expected  to  be 
troubled  with  depolarisation,  especially  in  the  thick  glass,  but  a  small  piece  thus  cut 
out  of  a  large  plate  is  relieved  from  most  of  the  strain  to  which  it  wras  originally 
subject.  Probably  more  care  would  be  required  in  experiments  where  a  strong  white 
light  could  be  used ;  but  by  previously  testing  the  rather  thin  plates  used  for  the 
sugar  cell  and  for  closing  the  CS3  tube,  I  was  able  to  secure  a  field  of  view  either 
half  of  which  under  the  actual  circumstances  could  be  made  quite  dark  by  suitable 
orientation  of  the  analysing  Nicol. 

By  this  use  of  sugar  half-shade  polarimeters  may  be  made  of  large  dimensions  at 
short  notice  and  at  very  little  cost.  The  syrop  should  be  filtered  (hot)  through  paper, 
and  the  cell  must  be  closed  to  prevent  evaporation. 

7.  On  leaving  the  sugar  cell  the  light  entered  the  column  of  bisulphide  of  carbon  (H). 
To  contain  the  liquid  two  tubes  of  brass  were  employed  at  various  times,  the  ends 
being  closed  with  plates  of  worked  glass  cemented  to  the  metal  with  a  mixture  of  glue 
and  treacle.  Near  one  end  these  tubes  were  provided  with  a  lateral  (vertical)  branch, 
closed  with  a  cork,  through  which  passed  the  stem  of  the  thermometer  used  for 
observing  the  temperature  of  the  CS3.  The  length  of  the  larger  tube  (used  in 
Series  I.  and  II.)  was  31 ’591  inches,  and  the  diameter  about  If  inch.  The  length 
of  the  smaller  tube  (used  in  Series  III.)  was  29765  inches,  and  the  diameter  1  inch. 

When,  as  in  Series  I.,  it  was  wished  to  cause  the  light  to  traverse  the  tube  more 
than  once,  mirrors  were  necessary  at  the  ends  of  the  tube.  They  consisted  of  plates 
of  thin  looking-glass,  from  which  part  of  the  silvering  was  removed,  and  by  means  of 
a  little  glycerine  they  were  brought  into  optical  contact  with  the  plates  by  which  the 
tube  was  closed.  This  arrangement  was  simple,  and  had  the  further  advantage  of 
practically  annulling  some  troublesome  reflections  ;  but  the  want  of  means  of  adjust¬ 
ment  rendered  it  necessary  that  the  closing  plates  should  themselves  be  pretty 
accurately  parallel. 

8.  The  internal  diameter  of  the  ebonite  tube,  upon  which  the  helix  was  wound  (§  13), 
was  about  1|-  inch,  and  it  was  intended  to  utilise  the  annular  space  between  the 
ebonite  and  the  brass  as  a  jacket,  through  which  water  at  the  temperature  of  the  room 
might  be  made  to  circulate.  This  arrangement,  however,  failed  utterly.  Within 
about  10  minutes  of  the  closing  of  the  circuit  of  the  helix,  the  definition  was  lost,  and 
nothing  further  could  be  done  until  after  a  long  interval  of  repose.  The  water-jacket 
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was  then  abolished,  and  the  available  space  filled  with  paper  wrapped  pretty  tightly 
round  the  tube.  This  effected  a  great  improvement,  enhanced  still  further  in  the 
later  experiments  of  Series  III.,  in  which,  by  reduction  of  the  diameter  of  the  tube,  a 
wider  space  became  available  for  heat  insulation.  The  disturbance  by  conduction  of 
heat  from  the  wire  to  the  CS2  remained,  however,  the  worst  feature  of  the  experi¬ 
ments,  and  could  not  be  obviated  without  a  fundamental  alteration  in  the  apparatus. 
Probably  the  best  arrangement  would  be  a  water-jacket  next  the  wire,  and  a  good 
thickness  of  paper  or  other  insulator  between  the  water  and  the  CS3. 

9.  The  bisulphide  of  carbon  was  purified  by  treatment  with  corrosive  sublimate  and 
grease  with  subsequent  distillation  (according  to  the  procedure  advocated  by 
Becqcjerel),  until  most  of  the  unpleasant  odour  had  disappeared.  The  transparency 
is  much  greater  than  is  readily  (if  at  all)  obtainable  with  water,  provided  proper  pre¬ 
cautions  are  taken  to  avoid  exposure  to  light.  After  being  acted  upon  by  light,  the 
CS3  attacks  brass  and  becomes  rapidly  opaque.  In  this  respect  it  would  be  an 
advantage  to  replace  the  metal  tube  by  one  of  glass. 

10.  The  analyser  consisted,  in  some  experiments,  of  a  Nicol  (J),  and  in  others  of  a 
double  image  prism,  and  was  mounted  in  a  circle  made  by  the  Cambridge  Scientific 
Instrument  Company.  In  order  that  a  rotation  of  the  plane  of  polarisation  may  be 
correctly  indicated  by  the  difference  of  the  two  circle  readings,  it  is  necessary  that 
the  axis  of  rotation  should  coincide  with  the  direction  of  the  light.  This  requirement 
is,  however,  not  very  easily  satisfied.  At  the  commencement  of  a  series  of  experiments 
the  adjustment  was  made  with  the  aid  of  a  telescope  and  cross  wires  temporarily 
substituted  for  the  Nicol,  but  during  the  course  of  a  set  of  readings  the  passage  of 
heat  into  the  liquid  tended  to  make  the  upper  strata  warmer  than  the  lower,  and  thus 
to  bend  the  rays  into  a  different  direction.  It  is  known*  that  the  error  arising  from 
maladjustment  in  this  respect  is  in  great  part  eliminated  by  reading  the  Nicol  always 
in  both  the  positions  (differing  by  about  180°)  which  give  extinction  or  (in  the  half¬ 
shade  arrangement)  equality  of  illumination.  This  plan  was  constantly  followed,  but 
it  is  not  clear  that  the  whole  error  can  be  thus  got  rid  of.  It  occurred  to  me  that 
another  term  in  the  harmonic  expansion  of  the  error  would  be  destroyed  by  use  of  a 
double  image  prism  read  in  four  positions  distant  about  90°.  Experiment  showed 
that  in  spite  of  the  glare  of  the  unextinguished  image,  good  readings  could  be 
obtained  after  a  little  practice,  and  the  comparison  of  the  results  arrived  at  in  this 
way  tends  to  show  that  the  error  is  not  wholly  eliminated  in  the  mean  of  two 
readings  taken  in  positions  differing  by  180°.  But  the  matter  could  be  much  better 
investigated  with  a  simplified  apparatus  and  the  use  of  a  strong  white  light. 

In  Series  II.  and  III.,  when  the  light  traversed  the  tube  but  once,  no  magnification 
was  necessary,  and  the  eye  was  applied  immediately  behind  the  analyser.  In 

*  “  Zur  Theorie  des  Polaristrobometer  und  des  drehenden  Nicols.”  V.  D.  Sande  Bakhuyzen.  Pogg. 
Ann.,  cxlv.,  259,  1872. 

“Notes  on  Nicol’s  Prism,”  Glazebrook,  Phil.  Mag.,  October,  1880. 
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Series  I.,  the  apparent  magnitude  of  the  field  was  much  less,  and  an  opera-g-lass, 
magnifying  about  twice,  was  employed  between  the  analyser  and  the  eye. 

11.  The  setting  of  the  Nicol  (or  double-image  prism)  by  adjustment  of  the  match 
between  the  two  parts  of  the  field  presented  by  the  half-shade  apparatus  was 
facilitated  by  a  device  that  may  be  found  useful.  “  In  addition  to  the  principal  helix, 
the  tube  was  embraced  by  an  auxiliary  coil  of  insulated  wire,  through  which  could  be 
led  the  current  from  a  Leclanche  cell.  This  current  was  controlled  by  a  reversing 
key  under  the  hand  of  the  observer,  who  was  thus  able  to  rock  the  plane  of 
polarisation  backwards  and  forwards  through  a  small  angle  about  its  normal  position. 
The  amount  of  the  rocking  being  suitably  chosen,  the  comparison  of  the  three 
appearances  (two  with  auxiliary  current,  and  one  without)  serves  to  exclude  some 
imperfect  matches  that  might  otherwise  have  been  allowed  to  pass.”  * 

12.  Apart  from  the  effect  of  heat  upon  the  CS3,  the  working  of  the  optical  parts  was 
fairly  satisfactory.  The  following  zero  readings  taken  without  the  current  on  .June  4, 
1884,  will  give  an  idea  of  the  sort  of  accuracy  attained.  The  analyser  was  a  double 
image  prism,  and  was  read  in  all  four  positions,  the  circuit  being  made  three  times. 


Table  I. 


o  / 

193  4 

o  / 

o  / 

13  2 

103  2 

283  0 

102  55 

193  5 

283  2 

12  59 

102  58 

193  3 

283  2 

13  4 

Mean . 

Subtract  .... 

102  58 

90 

193  4 

180 

283  1 

270 

13  2 

12  58 

13  4 

13  1 

13  2 

It  appears  that  an  error  of  3  or  4  minutes  may  occur  in  a  single  setting. 

13.  I  now  pass  to  the  description  of  the  electrical  arrangements.  The  magnetic 
force  depends  upon  the  helix  and  upon  the  strength  of  the  current,  and  we  will  take 
these  elements  in  order. 

The  helix. 

The  wire  is  wound  upon  an  ebonite  tube,  the  outside  surface  of  which  was  turned 
true  in  the  lathe,  and  is  kept  in  its  place  laterally  by  ebonite  flanges  screwed  upon 
the  tube.  The  distance  between  the  flanges,  equal  to  the  length  of  the  helix,  is 
9‘99-0  inches  ;  but  the  tube  itself  projects  some  inches  beyond  the  flanges,  and  when 
it  was  desired  to  use  an  internal  water-jacket,  could  be  further  prolonged  by  additional 
lengths  of  brass  tube. 

In  order  to  give  better  opportunity  for  testing  the  insulation,  on  which  the  correct¬ 
ness  of  the  final  results  is  entirely  dependent,  it  was  decided  to  wind  on  two  wires 
simultaneously,  which  should  be  in  contact  with  one  another  throughout  their  entire 

*  “  Preliminary  Note  on  the  Constant  of  Electro-magnetic  Rotation  of  Light  in  Bisulphide  of  Carbon.” 
Proc.  Roy.  Soc.,  vol.  37,  p.  146  (June  19,  1884). 
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length.  The  operation  was  performed  on  December  14-15,  1883,  with  triply-covered 
wire  of  diameter  about  inch,  and  no  particular  difficulty  was  experienced.  The 
revolutions  of  the  ebonite  tube,  mounted  in  the  lathe,  were  taken  with  all  care  by  an 
engine  counter,  and  amounted  to  1842,  so  that  the  total  number  of  windings  is  3684. 
The  internal  diameter  of  the  helix  is  2’188  inches,  and  the  external  diameter  is 
4T3  inches. 

By  endeavouring  to  force  a  current  from  one  wire  to  the  other  we  obtain  a  very 
severe,  though  of  course  not  absolutely  complete,  test  of  the  insulation.  The  resistance 
between  the  two  wires  varied  with  the  hygrometric  condition  of  the  silk,  which  was 
not  impregnated  with  paraffin.  At  first  it  was  not  much  over  2  megohms,  but 
latterly  reached  6  or  8  megohms,  and  was  thus  abundantly  sufficient. 

14.  As  a  further  test  observations  were  made  of  the  external  effect  of  the  helix 
upon  a  suspended  magnet,  when  a  powerful  current  was  passed  in  one  direction 
through  the  first  wire,  and  in  the  opposite  direction  through  the  second.  If  the 
positions  of  the  two  wires  could  be  treated  as  identical,  the  external  effect  ought 
everywhere  to  vanish.  In  consequence,  however,  of  the  fact  that  one  wire  lies 
throughout  on  the  same  side  of  the  other,  the  compensation  could  not  be  expected  to 
be  complete,  except  when  the  suspended  magnet  is  equidistant  from  the  two  ends. 
Experiment  with  the  magnet  of  a  reflecting  galvanometer  showed  that  the  effect,  in 
fact,  varied  as  the  magnet  was  displaced,  but  even  in  the  symmetrical  position  there 
was  a  perceptible  outstanding  differential  effect.  In  order  to  eliminate  the  influence 
of  other  parts  of  the  circuit,  the  readings  referred  only  to  the  deflection  of  the  needle 
as  the  current  was  reversed  in  the  helix ;  and  the  scale  of  sensitiveness  was  obtained 
by  repeating  the  observations  after  altering  the  connexions  of  the  two  wires,  so  that 
the  current  circulated  the  same  way  round  both,  and  after  insertion  of  a  high  resis¬ 
tance  by  which  the  intensity  of  the  current  was  reduced  in  a  known  proportion. 
From  this  it  appeared  that  the  differential  effect  of  the  two  wires  (with  a  given 
current)  was  ysoo  °f  the  combined  effect. 

This  fraction  is  tolerably  small,  but  I  had  expected  to  find  it  smaller  still.  It  seems 
probable  that  the  incompleteness  of  compensation  is  due  to  a  small  difference  (5W00) 
in  the  mean  diameter  of  the  windings  in  the  two  cases.  To  throw  light  upon  this 
I  took  careful  measures  of  the  resistances  of  the  two  wires.  Although  they  had 
originally  formed  one  length,  their  resistances  differed  by  as  much  as  -7\jth  part,  that 
of  the  wire  which  had  shown  itself  least  effective  being  7 '075  B.A.,  and  of  the  other 
6  965.  If,  as  it  seems  plausible  to  do,  we  attribute  the  difference  of  resistance  to 
difference  of  diameter,  this  actual  difference  must  amount  to  -^sVo  inch.  The  mean 
diameter  of  the  windings  is  about  three  inches  ;  and  if  the  two  wires  were  wound  upon 
a  smooth  cylinder  of  this  diameter,  the  difference  in  the  diameter  of  the  windings 
would  be  -g-^o  of  the  whole.  As  this  estimate  would  be  increased  were  we  to  take 
into  account  the  fact  that  each  winding  really  sits  upon  two  windings  of  the  layer 
underneath,  and  that  these  cannot  be  practically  in  actual  contact,  we  may  perhaps 
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consider  the  small  anomalous  differential  effect  upon  the  external  magnet  to  be 
sufficiently  explained  by  the  observed  difference  of  resistances. 


Correction  for  finite  length. 


15.  If  the  tube  were  infinitely  long  the  difference  of  potentials  at  its  ends  due  to 
the  unit  current  in  one  winding  would  be  4 n.  But  on  account  of  the  finiteness  of 
the  length  a  correction  is  required,  whose  approximate  amount  is  given  in  Gordon’s 
paper. 


Fig.  2. 


& 


L 

A 

B 

M 

Considering,  in  the  first  place,  one  layer  of  windings  of  radius  A  a,  we  know  that  the 
external  effect  is  the  same  as  would  be  produced  by  a  uniform  distribution  of 
imaginary  magnetic  matter  over  the  ends,  positive  (say)  over  A  a  and  negative  over 
Jib,  the  superficial  density  being  equal  to  the  number  fin)  of  windings  per  unit  length. 
The  potential  at  L  of  the  matter  on  A  a  is 


or  approximately 


27 mi  (La— LA), 


/A c?  .  Afd\ 
m  \LA  5  LA3/ 


TTin 


Similarly  the  potential  at  L  for  the  matter  on  B b  is 


7 Tin  AB 


/Ac? 

j  A«4\ 

—irm 

\LB 

Alb3/’ 

at  L  for 

this  . 

layer  of  winding 

/  Aa? 

A«4  LB2  +  LA.LB  +  LA2' 

\LA.LB 

4 

LA3.LB3 

in  which  ?nAB  denotes  the  whole  number  of  windings  in  the  layer.  This  result  has 
now  to  be  integrated  so  as  to  represent  the  effect  of  the  helix,  whose  inner  and  outer 
radii  we  may  call  Acq  and  Aa2.  The  mean  value  of  Aa2  is 


Ad,3-  A«j3 

3(Aa2  — Atq)’ 


A  a25  —  Aafi 

5(Aa2— Acq)' 


and  that  of  A  a4,  is 
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Thus  if  n  be  the  whole  number  of  windings  on  the  helix,  the  difference  of  potential 
from  L  to  M  corresponding  to  the  unit  current  is 


Ann — Ann 


A«23 — A+ 

(  1 

L  1  \ 

12  ewq 

+A.LB 

rMA.MB/ 

A«25 — A«y 

/LB3  +  LA.LB  +  LA2 

MA2  +  MA.MB  +  MB2' 

80  a2rq 

{  LA3.  LB3 

1  MB3.MA3 

In  the  present  case 

Aa2=2‘065  (inches),  Aa1=l,094, 

from  which  we  get 

Aaf-Aa*  Aap-Aap 

12  ci^  ’  80  a%ax 


«2a1='971, 

•4632. 


In  the  remainder  of  the  calculation  we  have  to  distinguish  the  two  tubes.  For  the 
first 

LA=MB=10‘800  inches 
LB=MA=20‘790  inches; 

and  for  the  second 

LA=MB=  9 ’8 8 7  inches 
LB=MA=  19*877  inches. 


Hence  for  the  first  tube  we  have 

Amr(l-  -00573  +  ‘00006)=  4wrX  ‘99433  ;* 

and  for  the  second 

4mr(l- ‘00655  + *00008)=4mrX  *99353, 

the  correction  for  finite  length  thus  somewhat  exceeding  one-half  per  cent. 

16.  We  have  now  obtained  the  difference  of  potential  at  the  ends  of  the  column  of 
CS2  due  to  the  passage  through  the  helix  of  unit  current.  It  yet  remains  to  describe 
the  means  adopted  for  the  measurement  of  the  actual  current  in  absolute  measure. 

In  a  former  paper  “  On  the  Electro -chemical  Equivalent  of  Silver,  and  on  the  Absolute 
Electromotive  Force  of  Clark  Cells,”  f  it  was  shown  how  the  E.  M.F.  of  a  Clark  cell 
was  obtained  by  comparison  with  the  difference  of  potentials  at  the  extremities  of  a  wire 
of  known  resistance,  due  to  the  passage  of  a  current  known  either  directly  from  its 
effect  upon  a  current  measuring  apparatus,  or  indirectly  through  the  deposition  of 
silver.  For  the  purposes  of  the  present  investigation  this  process  was  reversed,  the 

*  In  the  Preliminary  Note  the  reducing  factor  for  this  tube  was  given  as  '99449.  The  alteration  is 
due  to  the  use  of  more  precise  data  in  place  of  some  quite  rough  measurements  in  round  numbers  on 
which,  by  an  oversight,  the  first  calculation  was  founded, 
t  Phil.  Trans.,  1884,  Part  II.,  §§  35,  36,  38. 
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Clark  cell  itself  being  treated  as  a  standard  of  E.M.F.,  by  which  to  determine  the 
value  of  the  current,  which  traversed  the  known  resistance,  and  also  the  helix  by 
which  the  magnetic  rotation  was  produced.  The  arrangements  differed  so  little  from 
those  elaborately  described  in  the  paper  referred  to,  that  it  seems  unnecessary  to  enter 
into  the  matter  at  length.  If  the  reader  will  refer  to  Plate  17,  fig.  1,  he  will 
understand  the  electrical  connexions,  and  he  may  suppose  the  current-measuring 
apparatus  EGF,  replaced  by  the  magnetising  helix.  In  point  of  fact  this  helix  was 
situated  in  another  room  at  a  distance  from  the  E.M.F.  compensator  and  its  galvano¬ 
meter  T.  The  direction  of  the  current  in  the  helix  was  reversed  by  a  mercury  key 
of  the  rocker  pattern,  and  care  had  to  be  taken  that  at  this  moment  the  galvano¬ 
meter  contact  Q  was  open.  The  general  nature  of  the  arrangement  will  be  sufficiently 
understood  when  it  is  said  that  the  want  of  balance  between  the  E.M.F.  of  the 
Clark  and  that  at  the  terminals  of  the  resistance  II  was  made  up  by  E.M.F.,  taken 
from  an  auxiliary  circuit,  the  value  of  which  was  afterwards  expressed  in  terms  of  the 
Clark.  Denoting  the  force  thus  added  or  subtracted  by  r,  upon  a  scale  according  to 
which  the  force  of  the  Clark  was  p,  the  actual  difference  of  potential  at  the  terminals 
of  II  may  be  written 

(l  i  X  Clark. 

17.  As  it  was  intended  to  use  currents  of  about  one  ampere,  the  resistance  R 
was  made  about  [  1  J]  ohms.  The  construction  was  somewhat  similar  to  that  of  the 
[4]  described  in  §  33  of  the  former  paper,  but  on  account  of  the  increase  in  the  current 
to  be  carried,  three  wires  of  German  silver  were  used  in  parallel.  The  amount  of 
heating  was  unimportant  for  the  purposes  of  the  present  investigation. 

The  value  of  the  [l-|]  was  determined  by  comparison  with  a  combination  of  three 
standard  units,  one  (taking  the  whole  current),  and  two  in  parallel  (giving  the  ^). 
At  13°  the  resistance  is  D4945  B.A.  At  15°,  which  was  adopted  as  the  standard 
temperature  for  R  and  for  the  Clark,  we  have 

R  =  1-4958  B.A. 

18.  In  consequence  of  the  heating  of  the  copper  wires,  the  current  (usually  obtained 
from  secondary  cells)  fell  off  somewhat  rapidly  during  a  set  of  observations,  and  it  was 
found  convenient  to  take  readings  of  the  E.M.F.  compensator  simultaneously  with 
the  adjustment  of  the  polarimeter.  The  former  readings  were  taken  by  myself  and 
the  latter  by  Mrs.  Sidgwick,  while  the  flame  fat  which  the  optical  observer  should 
not  look)  was  regulated  by  an  assistant,  who  also  recorded  the  circle  readings. 

The  procedure  will  be  most  easily  explained  by  an  example,  for  which  purpose  I 
take  at  random  the  observations  of  July  25,  recorded  in  Table  II. 


Table  II. — July  25,  1884. 
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It  will  be  seen  that  the  cycle  consisted  of  eight  readings,  four  with  positive  and 
four  with  negative  rotation  of  the  plane  of  polarisation,  and  that  this  cycle  is 
repeated  three  times. 

The  three  readings  under  any  one  head  vary  in  consequence  of  the  diminution  of 
the  current  as  well  as  from  errors  of  observation.  The  value  of  p  was 

at  the  beginning .  p  =  7 018 

at  the  end .  p=7 016 

Mean .  p=7017 

Thus  in  the  first  observation  at  6h  3^ra,  when  the  cycle  reading  was  261°  44',  the 
difference  of  potentials  at  the  extremities  of  the  [1-^]  was  ( 1  x  Clark  I.,  the 

temperature  of  Clark  I.  and  of  the  [1-g-]  being  17°‘6. 

For  the  mean  double  rotations  in  the  four  positions  of  the  double  image  prism 
we  have 

269  177—261  45:3  =  7  32-4 
359  23-0-351  56‘3  =  7  267 
89  19-3-  81  49-7  =  7  29'6 
179  20-0-171  52-3  =  7  277 

Mean  .  .  .  7  29  "1 

Since  all  the  effects  are  proportional  to  the  current,  it  is  sufficient  to  compare  the 
mean  rotation  with  the  mean  value  of  r,  viz.,  1413  ;  so  that  the  double  rotation 
7°  29'"1,  or  4 4 9' -1,  corresponds  to  a  difference  of  potentials  equal  to 

(1  +  7bl7/X Clark  I*  =  7oi7xCLARK  I. 


The  double  rotation  that  would  have  been  found  if  the  current  had  been  just 
strong  enough  to  balance  Clark  I.  (at  the  actual  temperature)  is 


7017 

8430 


X449,-l  =  373'-8. 


19.  This  result  is  a  function  of  the  temperatures  of  the  cell  and  of  It  as  well  as  of 
the  CSo ;  and  it  is  rather  unfortunate  that  all  three  temperature  corrections  tell  in 
the  same  direction.  A  rise  of  the  thermometer  involves  a  rise  in  It  and  a  fall  in  the 
force  of  the  standard  cell,  so  that  on  both  accounts  the  current  giving  the  balance  is 
diminished.  At  the  same  time  the  smaller  current  acts  less  advantageously  in 
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producing  rotation  in  consequence  of  the  properties  of  the  CS2.  It  will  be  convenient 
to  postpone  the  last  correction,  and  take  first  the  corrections  for  temperature  in  Pt 
and  the  E.M.F.  of  Clark,  which  relate  rather  to  the  machinery  for  measuring  the 
current,  and  which  can  be  made  from  data  obtained  in  previous  investigations.  For 
this  purpose  15°  C.  is  adopted  as  the  standard  temperature;  and  the  proportional 
corrections  per  degree  are  ‘00082  for  the  E.M.F.  of  Clark  and  ‘00044  for  the  R, 
making  altogether  ‘00126  per  degree.  For  the  observations  of  July  25,  the  correction 
is  therefore 

+  2‘6  X  ‘00126  X  373/-8=  +2‘6  X  ‘471  =  +  1'*2. 

If  we  take  as  a  standard  current  that  which  in  traversing  R  at  15°  would  balance 
Clark  I.  at  15°,  the  double  rotation  of  July  25  reduced  so  as  to  correspond  with  the 
standard  current  will  be 

373/‘8+l'‘2=375,‘0. 

This  rotation  corresponds  to  the  temperature  18°‘3  of  the  CS2.  To  obtain  com¬ 
parable  results  we  must  reduce  to  a  standard  temperature,  for  which  purpose  we  will 
select  18°.  According  to  Bichat  the  rotation  at  t°  may  be  expressed  by 

1--00104*  — ‘000014*3, 

the  rotation  at  0°  being  taken  as  unity.  To  obtain  a  more  convenient  formula, 
applicable  in  the  neighbourhood  of  18°,  we  may  write  £=18+£'.  Thus 

1  —  ‘00104(5—  ‘000014^=  *9767  —  ‘00 154f'= ‘9767(1  —  ‘00158C) ; 

so  that  the  coefficient  for  the  correction  is  ‘00158.  Hence,  if  the  CS2  on  July  25  had 
been  at  18°,  we  should  have  had 

375,‘0  +  375/‘0  X  ‘00158  X  ‘3  =  375,‘0+‘592  X  ‘3  =  375-0+  ‘2  =  375/‘2. 

Thus  reduced  the  results  for  the  observations  of  different  days  should  agree 
together. 
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20.  The  results  of  all  the  observations  (other  than  preliminary)  which  were  thought 
worthy  of  reduction  are  exhibited  in  the  accompanying  tables,  grouped  in  three  series. 
In  Series  I.,  II.  the  first  tube  was  employed;  the  principal  difference  between  them 
being  that  in  Series  I.  the  light  traversed  the  tube  three  times ,  while  in  Series  II.  the 
light  passed  but  once.  It  will  be  seen  that  in  Series  I.  the  actual  double  rotation 
varied  from  about  9°  to  19°,  and  the  currents  from  about  ■§  ampere  to  1  ampere.  In 
Series  II.  stronger  currents  were  usually  passed,  amounting  to  about  1 J  ampere,  but 
the  rotation  was  only  about  9°.  The  extreme  deviation  from  the  mean  is  only  about 
*4  per  cent.,  if  we  exclude  the  observations  of  May  29,  which  owing  to  interruptions 
and  other  causes  were  marked  as  unsatisfactory  before  reduction. 

The  Nicol  was  used  as  analyser  in  Series  I.,  and  on  June  3  of  Series  II.  The 
remaining  observations  of  Series  II.  and  the  whole  of  Series  III.  were  taken  with  a 
double-image  prism,  read  in  all  four  positions  as  already  explained  by  the  example  of 
July  25. 

For  the  observations  of  Series  III.  the  second  tube  was  employed,  with  some  improve¬ 
ments  in  the  provision  against  the  communication  of  heat.  The  diminished  diameter 
of  the  tube  was  the  inducement  to  pass  the  light  but  once,  though  it  would  have  been 
possible  to  work  with  three  passages.  But  when  the  rays  skirt  the  walls  of  the  tube, 
there  is  more  disturbance  from  heat  ;  and,  indeed,  generally  the  advantage  of 
augmented  rotation  is  in  great  measure  paid  for  by  greater  sensitiveness  to  deviation 
from  optical  uniformity. 

Not  only  does  the  communication  of  heat  disturb  the  definition,  but  it  tends  also  to 
render  the  actual  temperature  uncertain.  During  some  of  the  more  protracted  sets  of 
readings  with  the  stronger  currents  there  was  a  rise  of  nearly  2°  in  the  temperature 
of  the  CS2 ;  and,  although  this  rise  was  carefully  watched,  it  is  difficult  to  feel  con¬ 
fident  that  the  effective  mean  temperature  can  be  determined  with  a  less  error  than 
say  ^  of  a  degree.  Such  an  error  would  correspond  to  about  -joVo  in  the  final  number. 
To  avoid  increasing  the  uncertainty  under  this  head  the  readings  were  often  concluded, 
although  the  definition  still  remained  satisfactory. 

If  the  apparatus  were  to  be  designed  afresh  I  should  endeavour  to  guard  more 
adequately  against  these  disturbances,  and  it  might  then  be  possible  to  use  five 
passages  with  advantage,  more  especially  if  by  increasing  the  weight  of  the  coil  it 
were  practicable  to  bring  the  double  rotation  up  to  about  90°.  The  determination  of 
such  a  rotation  with  the  double  image  prism  would  be  free  in  high  degree  from  the 
polarimetric  errors  considered  in  §  10.  But  it  is  doubtful  whether  in  the  present  state 
of  science  the  additional  accuracy  would  repay  the  labour  involved. 

21.  It  only  remains  now  to  work  out  the  results  in  absolute  measure.  And  first  as 
to  the  value  of  the  standard  current,  defined  as  that  which,  flowing  through  the  [l4] 
at  15°,  balances  Clark  I.  at  the  same  temperature.  This  value  in  amperes  is  expressed 
by  dividing  the  E.M.F.  of  Clark  I.  in  B.A.  volts  (see  Table  XI.  of  former  paper)  by 
the  resistance  of  the  [1^]  in  B.A.  units.  Hence  the  standard  current  is 
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1-4542 

l-4958==,9^22  ampere  =’09722  C.G.S. 

If  the  tube  were  infinitely  long,  the  difference  of  magnetic  potentials  at  its  ends 
would  be  Amr  ;  but  in  the  case  of  the  actual  tubes  we  have  to  introduce  the 
correcting  factors  ’99433  and  ’99353  (§  15).  Thus  for  the  first  tube,  if  x  be  the 
(single)  rotation  in  minutes  corresponding  to  difference  of  potential  1  C.G.S.,  the 
whole  actual  double  rotation  for  a  single  passage  of  the  light  will  be 

2  X  ’09722  X  47m  X '99433  X£C. 


From  Series  I.  at  18°  this  quantity  is  found  to  be  -g-X  1128 ’5,  or  376 ’2,  so  that 

376-2 


x- 


2  x  ’09722  x  Ami  x  ’99433 
In  like  manner  from  Series  II.  we  get 


-=’04203. 


x- 


375-7 


2  x  ’09722  x  4tto  x  ’99433 


’04198. 


For  the  second  tube  used  in  Series  III.  we  have  to  employ  a  slightly  different 
correction  for  finite  length.  We  have 


375-8 


x= 


2  x  -09722  x  Ami  x  ’99353 


-=’04202. 


The  results  of  Series  I.  and  III.  are  thus  in  precise  agreement,  while  that  of 
Series  II.  is  about  toVo  lower.  Ascribing  a  somewhat  less  importance  to  Series  II. 
in  consequence  of  the  smaller  number  of  sets  of  observations,  we  may  take  as  the 
final  result  of  the  investigation 

^='04202, 

which  gives  the  rotation  in  minutes  in  bisulphide  of  carbon  at  18°,  corresponding  to  a 
difference  of  potential  equal  to  1  C.G.S.  It  should  be  noticed  that  the  mean  tempera¬ 
ture  of  the  observations  was  so  nearly  18°  that  the  result  as  given  depends  scarcely 
at  all  upon  Bichat’s  formula  for  the  dependence  of  the  rotation  upon  temperature. 

22.  M.  Becquerel  gives  as  his  result  for  0°  C.  ’0463  minute.  To  find  the  rotation 
at  18°,  this  must  be  multiplied  by  ’9767  according  to  Bichat’s  formula:  and  as 
Becqtjerel’s  observations  were  in  fact  made  at  about  18°,  this  reduction  does  not 
introduce,  but  rather  removes,  an  extraneous  element.  Thus  according  to  Becquerel — 

ce=’0452  minute, 

differing  by  about  7  per  cent,  from  the  value  found  by  me. 

The  comparison  with  Gordon  is  more  uncertain,  inasmuch  as  his  observations  were 

3  A.  2j 
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made  on  light  of  the  refrangibility  of  the  thallium  line.  The  corrected* * * §  result  for 
this  light  is  in  circular  measure  l'5238x  10~5,  or  '05238  minute.  To  pass  to  sodium 
we  may  use  a  formula  given  by  BecquerelI  and  Yerdet,  according  to  which  the 
rotation  for  different  wave  lengths  (X)  is  proportional  to  /F(/x3 — 1)\-2,  /x  being  the 
refractive  index.  At  this  rate  the  '05238  minute  for  thallium  would  be  '04163 
minute  for  sodium.  The  temperature  was  not  directly  observed  by  Gordon,  but  was 
estimated  to  be  about  13°  C.  Assuming  this  to  be  correct,  the  value  for  18°  would  be 
'0413  minute,  or  about  2  per  cent,  less  than  according  to  my  determinations. 


Appendix. 

Notes  on  Polar imetry  in  general. 


The  problem  of  the  polarimeter  is  how  best  to  render  evident  the  rotation  through 
a  small  angle  0  of  the  jdane  of  polarisation  of  light  of  brightness  h.  The  effect  of  the 
rotation  is  to  introduce  light  of  amplitude  h)  sin  0,  or  Jv0,  polarised  in  the  perpen¬ 
dicular  plane,  and  it  is  this  which  must  be  made  to  produce  a  recognisable  change. 
By  the  use  of  a  Nicol,  or  double-image  prism,  adjusted  to  the  original  plane,  the  light 
of  brightness  h02  may  be  isolated,  but,  as  will  be  proved  presently,  this  is  not  the 
best  method  of  rendering  its  existence  evident. 

From  the  preceding  mode  of  statement  it  is  clear  that  the  accuracy  obtainable  in 
determining  the  plane  of  polarisation  increases  indefinitely  with  the  brightness  of  the 
light,  and  is  in  fact  proportional  to  the  square  root  of  that  brightness.  J  Again  we  see 
that  little  is  to  be  expected  from  such  devices  as  that  of  Fizeau,  in  which  the  rotation 
is  magnified  by  causing  the  light  to  pass  obliquely  through  a  pile  of  glass  plates.  The 
brightness  of  the  light  polarised  in  the  perpendicular  plane  (h02)  can  only  be  diminished 
by  such  treatment,  and  the  increase  of  rotation,  being  due  merely  to  weakening  of  the 
first  component,  is  of  no  value. 

The  arrangements  to  be  adopted  depend  for  their  justification  upon  the  physio¬ 
logical  law  of  the  perception  of  differences  of  brightness.  If  c?E  denote  the  difference 
of  sensations,  corresponding  to  two  degrees  of  brightness,  FI  and  H+c?H,  we  have  § 


clE—A 


dK 

H  +  H0 


in  which  H0  is  a  certain  constant  brightness,  supposed  to  depend  chiefly  upon  the 
proper  or  internal  light  of  the  eye,  but  to  which  may  be  added,  the  effect  of  light 


*  Mr.  Gordon’s  result  was  originally  given  at  double  its  proper  value, 

t  Ann.  d.  Cliim.,  t.  xii.,  1877,  p.  78. 

X  This  point  is  insisted  upon  in  an  excellent  paper  by  Lippich  (Wien.  Ber.,  85,  9  Feb.,  1882),  which 
has  lately  come  to  my  notice. 

§  Helmholtz  :  ‘  Physiologische  Optik,’  §  27. 
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diffused  by  imperfect  translucency  of  the  optical  apparatus.  If  cZE  denote  the 
smallest  perceptible  difference,  the  value  of  oZE/A  is  in  favourable  circumstances  as 
low  as  yg-  or  x7>oj  which  means  that  with  a  sufficient  total  brightness  differences  of 
this  amount  may  be  apparent  to  observation. 

Let  us  now  consider  the  values  of  cZE  corresponding  to  different  methods  of  pro¬ 
cedure.  If  the  analysing  Nicol  be  adjusted  for  extinction  of  the  original  light,  the 
comparison  is  between  the  brightness  which  cannot  be  got  rid  of  (H0)  and  (Ho+/t02).* 
Near  the  limit  of  discrimination,  to  which  case  we  may  confine  our  attention,  hQ 2  is 
small  relatively  to  H0,  and  thus  we  may  take 


cZE=A 


liQ^ 

Ho' 


The  procedure  just  considered  is  that  which  would  naturally  be  adopted  to  render 
evident  a  small  quantity  of  light  of  given  amount,  viz.,  to  isolate  it  and  compare  it 
with  the  best  attainable  darkness.  But  in  the  present  problem  the  circumstances  are 
peculiar  in  that  we  are  able  to  deal  with  phases.  Now  if  we  regard  the  amplitude 
(a)  of  the  feeble  light  as  given,  putting  a?=h62,  we  may  produce  more  effect  from  it 
by  combining  it  with  other  light  in  the  same  phase  of  amplitude  (/3)  than  by  isolating 
it.  The  comparison  is  then  between  brightnesses  (a+/3)3  and  /3 3,  or  as  a  is  very 
small,  between  /32-\-2a/3  and  /33.  Thus 


cZE=A 


2  a/3 

/33  +  /302’ 


in  which  /303  is  written  H0. 

The  light  of  amplitude  /3  is  obtained  in  the  simplest  possible  manner  by  merely 
rotating  the  analysing  Nicol  through  a  small  angle,  and  the  only  question  is  how  to 
exhibit  the  comparison  light  which  shall  not  be  affected,  when  /3  is  changed  to  (/ 3  +  a ). 
For  this  purpose  we  may  divide  the  field  of  view  into  two  halves  with  an  oblique 
mirror  in  which  is  seen  by  reflection  a  feeble  light,  of  the  same  colour  and  coming 
ultimately  from  the  same  source. 

It  is  possible  that  an  instrument  upon  this  principle  might  be  made  to  work 
satisfactorily,!  but  the  half-shade  polarimeters  of  Jellet  and  Laurent  seem  to  be 
in  most  respects  preferable.  In  them  the  comparison  is  between  (y3+a)3  and  (/ 3— a )3, 
so  that 


cZE=A 


4  a/3 

/33  +  /302’ 


representing  twice  as  great  a  sensibility.  The  only  thing  to  be  said  upon  the  other 
side  is  that  the  division  line  in  these  instruments  can  hardly  be  made  as  invisible  as 
the  sharp  edge  of  a  mirror  may  be. 

*  We  may  imagine  the  presentation  of  the  two  brightnesses  to  be  consecutive,  or  more  favourably 
that  both  are  seen  at  once,  half  the  field  of  view  being  occupied  by  a  black  body  seen  after  reflection  in 
an  oblique  mirror,  whose  edge  forms  the  dividing  line. 

f  Readings  would  of  course  be  taken  in  both  the  positions  (one  on  either  side  of  extinction)  which 
give  a  match  with  the  comparison  light. 
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In  these  formulae  /3  may  he  chosen  at  pleasure  by  suitable  adjustments  of  the 
polarising  arrangements.  In  order  to  get  the  best  result,  cffi  must  be  made  a 
maximum  by  variation  of  j3.  a  and  /30  being  treated  as  constants.  The  maximum 
occurs  when  (3=/30,  and  its  value  in  the  last  case  is 


hE  =  A 


2a 

Jo 


Taking  hE/A = -2h-,  wlrich  is  probably  about  as  small  as  can  be  expected  in  practice, 
we  have  for  the  least  perceptible  value  of  a 


/3 


o 


whereas  without  the  half-shade  arrangement,  and  with  a  Nicol  simply  set  to  extinc¬ 
tion  of  the  original  light, 


1i(P 

Ifj 


1 

:25’ 


so  that 


According  to  these  numbers  the  half-shade  arrangement  would  have  a  tenfold 
superiority,  a  result  not  fully  borne  out  in  practice.  In  explanation  of  this  it  is 
important  to  notice  that  the  procedure  in  the  absence  of  a  half-shade  arrangement 
would  in  reality  be  very  different  from  what  we  have  tacitly  supposed.  The  expe¬ 
rienced  operator,  in  setting  a  Nicol  to  the  position  of  maximum  extinction,  does  not 
judge  merely  by  the  degree  of  darkness  attained  in  the  final  position,  but  displacing 
the  analyser  alternately  in  opposite  directions,  estimates  the  position  which  lies  mid¬ 
way  between  those  which  give  similar  revivals  of  light  on  the  two  sides ;  or, 
endeavouring  to  retain  in  his  memory  a  certain  degree  of  brightness,  he  may  take 
actual  readings  on  both  sides,  of  which  the  mean  will  correspond  to  the  desired 
position.  In  this  way  the  fundamental  advantage  of  the  half-shade  method  is  in  a 
sense  attained,  the  only  difference  being  that  the  brightnesses  to  be  compared  are  seen 
consecutively  after  a  short  interval  of  time,  instead  of  almost  simultaneously ;  and 
even  this  difference  becomes  less  important  when  the  line  dividing  the  field  of  view 
of  the  half-shade  apparatus  is  so  coarse  that  it  cannot  be  rendered  invisible. 

The  carrying  out  of  this  method  is  facilitated  by  a  device  which  is  worthy  of  trial. 
The  Nicol  may  be  mounted  loosely,  so  as  to  be  capable  of  turning  through  a  small 
angle  (2  or  3  degrees)  between  two  stops.  These  stops  are  rigidly  attached  to  a 
rotating  piece  carrying  the  vernier,  and  it  is  to  the  position  of  this  piece  (and  not  that 
of  the  Nicol)  to  winch  the  readings  relate.  In  taking  an  observation  the  piece  is 
turned  until  the  degree  of  brightness  is  unaltered,  when  the  Nicol  is  put  over  from 
the  one  stop  to  the  other.  It  is  probable  that  under  these  advantageous  conditions 
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more  favourable  results  than  hitherto  would  be  obtained  with  an  undivided  field  of 
view. 

In  the  application  of  the  polarimeter,  with  which  the  present  paper  is  mainly  con¬ 
cerned,  the  free  play  of  the  Nicol  is  advantageously  replaced  by  an  equivalent 
rocking  of  the  plane  of  polarisation  itself  through  a  small  angle  on  either  side  of  its 
normal  position,  produced  by  the  action  of  an  auxiliary  electric  current,  embracing  the 
experimental  tube  a  moderate  number  of  times,  and  reversed  at  pleasure  by  a  suitable 
key  under  the  hand  of  the  observer. 

In  these  discussions  it  has  been  convenient  to  take  as  a  basis  the  fractional  difference 
of  brightnesses  which  can  be  recognised  on  simple  presentation  to  the  eye,*  but  it  must 
be  remembered  that  if  suitable  precautions  are  taken  to  avoid  asymmetry,  there  is  no 
theoretical  limit  of  final  accuracy.  Thus  in  ordinary  photometry  with  a  divided  field 
(e.g.,  Bunsen’s  grease-spot  photometer),  the  match  must  not  be  approached  from  one 
side  only.  By  combining  a  large  number  of  observations  in  which  the  match  is 
approached  as  much  from  one  side  as  from  the  other,  a  degree  of  accuracy  may  be 
practically  attained  far  beyond  that  corresponding  to  the  difference  of  brightness 
which  can  be  directly  recognised  by  the  eye.  It  is  not  necessary  actually  to  take 
readings  on  the  two 'sides,  though  it  is  sometimes  desirable  to  do  so;  the  essential 
point  is  to  secure  symmetry.  Time  may  be  saved  by  the  plan  of  providing  means  for 
instantaneous  displacements  of  given  amount  on  either  side,  as  was  done  in  the 
experiments  of  the  present  paper  by  the  auxiliary  reversible  current. 

In  practical  applications  of  the  polarimeter  we  have  almost  always  to  determine, 
not  so  much  a  particular  plane  of  polarisation  as  the  rotation  of  this  plane,  due  to 
electromagnetic  action,  to  the  substitution  of  syrop  for  water,  etc.,  and  it  appears 
that  the  measurement  of  this  angle  must  be  affected  with  a  possible  error,  double 
of  the  error  possible  in  the  determination  of  a  single  plane.  M.  Becquerel,  indeed, 
in  his  interesting  memoir  upon  the  rotation  in  bisulphide  of  carbon  under  the  terres¬ 
trial  magnetic  force,!  describes  a  procedure  by  which,  as  he  considers,  the  error  may 
be  reduced.  By  the  introduction  of  a  half-wave  plate,  adjusted  so  that  its  principal 
section  coincides  nearly  with  the  plane  of  first  polarisation,  the  angle  of  rotation  is, 
as  it  were,  reflected  by  the  former  plane,  and  the  difference  of  readings  taken  with 
and  without  the  plate  is  the  double  of  the  real  angle  of  rotation.  If  e  be  the  greatest 
angular  error  possible  in  determining  a  single  plane,  M.  Becquerel  shows  that  the 
error  in  setting  the  plate  cannot  exceed  e,  from  which  he  argues  that  the  whole  error 
possible  in  determining  the  double  angle  of  rotation  is  only  3e,  or  fe  upon  the  single 
angle.  It  appears,  however,  that  the  error  of  adjustment  of  the  half-wave  plate  enters 

*  [August,  1885. — I  find  that  the  sensitiveness  of  the  eye  to  small  differences  of  brightness  is  subject 
to  very  rapid  fatigue.  Even  a  few  seconds’  gazing  is  often  enough  to  obliterate  a  distinction  quite 
apparent  at  first,  and  appreciable  again  after  a  little  repose.  This  defect  is  a  great  obstacle  to  the 
further  improvement  of  photometric  methods.] 

t  Ann.  d.  Chimie,  t.  201,  p.  323,  1882. 
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doubly  into  the  result,  so  that  the  whole  error  possible  in  determining  the  doable 
angle  of  rotation  rises  to  4e,  and  the  use  of  the  half-wave  plate  gives  no  advantage. 

One  other  point  may  be  considered  in  conclusion.  In  determinations  of  rotation  by 
magnetic  force,  the  effect  to  be  measured  may  be  multiplied  (as  Faraday  showed),  by 
causing  the  light  to  be  reflected  backwards  and  forwards  a,t  the  ends  of  the  tube. 
Against  this  augmentation  of  the  angle  of  rotation  we  must  set  the  loss  in  the  section 
of  the  beam,  and  the  waste  of  light  in  reflection  and  by  absorption.  Putting  out  of 
sight  for  the  moment  the  alteration  in  the  section  of  the  beam,  we  may  easily  deter¬ 
mine  the  most  advantageous  number  of  passages  as  dependent  upon  magnitude  of 
rotation  and  intensity  of  light.  If  r  be  the  factor  by  which  the  original  intensity 
must  be  multiplied,  in  order  to  express  the  intensity  after  a  single  passage  and  reflec¬ 
tion,  r11  will  express  the  intensity  after  n  such  passages  and  reflections.  The  accuracy 
of  the  determination  will  thus  be  proportional  to  nrln,  which  is  a  maximum  -when 
r=e~Zhl.  The  values  of  r  corresponding  to  n  equal  to  1,  3,  5,  7,  ...  ,  are  '135,  ’514, 
•670,  '752,  .  .  .  ,  so  that  3  or  5  passages  wall  usually  give  the  best  result. 

The  argument  in  favour  of  a  moderate  use  only  of  the  principle  of  reflection  is 
strengthened  when  we  take  into  account  the  diminution  in  the  section  of  the  beam. 
The  already  contracted  aperture  is  seen  at  a  greater  distance  (proportional  to  n ),  so 
that  the  apparent  magnitude  of  the  field  of  view  is  rapidly  narrowed.  Under  these 
circumstances  the  comparisons  cannot  be  made  with  the  usual  accuracy.  If  we  have 
recourse  to  a  telescope  we  can  indeed  restore  the  apparent  magnitude,  but  (usually) 
only  at  expense  of  the  illumination,  since  the  aperture  of  the  telescope  is  limited. 
If  the  available  aperture  do  not  exceed  \  inch,  any  degree  of  magnification  involves  a 
loss  of  brightness.  The  importance  of  these  considerations  depends  upon  the  length 
and  diameter  of  the  tube ;  but  the  tendency  of  the  discussion  is  to  show  that  more 
than  five  passages  can  rarely  be  desirable,  and  that  in  many  cases  three  passages 
ought  to  be  preferred  to  five.  If  there  is  any  exception  it  will  be  when  powerful 
white  light  (as  from  the  sun)  is  available,  or  wdien  it  is  possible  by  use  of  a  larger 
number  of  passages  to  bring  the  whole  rotation  up  to  90°  or  180°,  in  which  cases,  as 
has  already  been  noticed,  the  angle  may  be  determined  with  peculiar  advantage. 

Postscript. 

(October,  1885.) 

An  important  paper*  has  recently  been  communicated  to  the  French  Academy!  by 
M.  Becquerel,  in  which  he  abandons  his  former  result  (§  4),  obtained  with  the  aid  of 
terrestrial  magnetic  force,  in  favour  of  a  number  agreeing  more  nearly  with  that  given 
by  Gordon  and  myself.  In  the  new  experiments  a  long  column  of  CS3  was  employed, 
encompassed  by  a  spiral  conveying  a  current,  the  effect  of  which  is  shown  to  depend 
upon  the  magnitude  of  the  current  and  upon  the  number  of  turns,  in  approximate 


*  Ann.  d.  Cbim.,  Oct.,  1885. 


f  C.  R.,  June  2,  1885. 


ROTATION  OF  LIGHT  IN  BISULPHIDE  OF  CARBON. 


365 


independence  of  other  circumstances.  M.  Becquerel  speaks  of  this  method  as  new, 
but  it  is  in  reality  that  employed  by  Gordon  in  1877.’“  Most  of  the  complication  in 
Gordon’s  memoir  relates  to  the  determination  of  the  current,  and  especially  to  the 
circumstance  that  the  number  of  turns  in  the  spiral  was  not  ascertained  (as  it  should 
have  been)  during  construction,  but  subsequently  by  electrical  processes.  When  the 
number  of  turns  and  the  current  are  known,  there  is  no  difference  between  the  pro¬ 
cedure  of  Gordon  and  Becquerel  and  that  of  the  present  memoir. 

There  is  a  pretty  close  resemblance  between  M.  Becquerel’s  recent  work  and  mine. 
In  both  a  soda  flame  is  used  as  the  source  of  light,  and  in  both  the  number  of  windings 
on  the  helices  is  ascertained  during  construction.  In  the  current  determinations, 
M.  Becquerel  used  a  galvanometer  as  an  intermediate  standard,  while  I  employed 
for  the  same  purpose  a  Clark’s  cell,  the  ultimate  standard  being  a  silver  voltameter 
(and  in  my  case  a  current- weighing  apparatus).  Inasmuch  as  M.  Becquerel  uses 
the  same  number  as  that  which  I  obtained  for  the  electro-chemical  equivalent  of  silver, 
there  should  be  no  difference  between  us  in  the  estimation  of  currents. 

In  M.  Becquerel’s  experiments  the  temperature  of  the  CS3  was  usually  about  0°  C. , 
and  he  reduces  his  results  to  that  standard  temperature.  He  regards  Bichat’s  formula 
as  confirmed  by  his  observations.  According  to  this  my  result  for  18°  would  become 

•04302'; 

whereas  M.  Becquerel  obtains 

•04341', 

nearly  1  per  cent,  higher.  I  am  at  a  loss  to  understand  the  cause  of  this  discrepancy. 
M.  Becquerel  estimates  that  his  result  should  be  correct  to  about  the  same 
degree  of  accuracy  which  I  also  had  hoped  to  have  attained.  So  far  as  I  can  judge,  I 
should  consider  that  in  respect  of  current  measurement  the  advantage  lay  with  me, 
but  that  on  the  optical  side  M.  Becquerel’s  arrangements  were  probably  superior. 

M.  Becquerel  repeats  his  proposal!  to  found  upon  his  value  of  the  constant  a 
method  for  current  measurement.  I  had  considered  this  question  at  (I  believe)  an 
earlier  date ;  and  the  less  sanguine  view  expressed  in  the  following  paragraph  seems 
to  be  justified  by  the  discrepancies  between  the  results  of  various  observers  at  various 
times  as  to  the  value  of  the  constant  in  bisulphide  of  carbon  : — 

“  Another  method,  available  with  the  strong  currents  which  are  now  common, 
depends  upon  Faraday’s  discovery  of  the  rotation  of  the  plane  of  polarisation  by 
magnetic  force.  Gordon  found  15°J  as  the  rotation  due  to  the  reversal  of  a  current 

*  See  his  equation.  (24),  p.  15. 

t  C.  R.,  t.  xcviii.,  p.  1253;  1884. 

1  Jan.,  1884.  In  a  note  recently  communicated  to  the  Royal  Society  (Proceedings,  Nov.  15,  1883), 
Mr.  Gordon  points  out  that,  owing  to  an  error  in  reduction,  the  number  given  by  him  for  the  value  of 
Verdet’s  constant  is  twice  as  great  as  it  should  be.  The  rotations  above  mentioned  must  therefore  be 
halved,  a  correction  which  diminishes  materially  the  prospect  of  constructing  a  useful  instrument  upon 
this  principle. 
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of  4  amperes  circulating  about  1000  times  round  a  column  of  bisulphide  of  carbon. 
With  heavy  glass,  which  is  more  convenient  in  ordinary  use,  the  rotation  is  somewhat 
greater.  With  a  coil  of  100  windings  we  should  obtain  15°  with  a  current  of 
40  amperes ;  and  this  rotation  may  easily  be  tripled  by  causing  the  light  to  traverse 
the  column  three  times,  or  what  is  desirable  with  so  strong  a  current,  the  thickness  of 
the  wire  may  be  increased  and  the  number  of  windings  reduced.  With  the  best 
optical  arrangements  the  rotation  can  be  determined  to  one  or  two  minutes,  but  in  an 
instrument  intended  for  practical  use  such  a  degree  of  delicacy  is  not  available.  One 
difficulty  arises  from  the  depolarising  properties  of  most  specimens  of  heavy  glass. 
Arrangements  are  in  progress  for  a  redetermination  of  the  rotation  in  bisulphide  of 
carbon.”  * 


*  From  the  Proceedings  of  the  Cambridge  Philosophical  Society  for  Not.  26,  1883.  See  also  ‘Nature,’ 
Dec.  13,  1883. 
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VI.  The  Theory  of  Continuous  Calculating  Machines  and  of  a  Mechanism  of  this 

class  on  a  New  Principle. 

By  Professor  H.  S.  Hele  Shaw. 

Communicated  by  Professor  Sir  William  Thomson,  F.R.S. 

Received  and  Read  June  19,  1884. 

There  are  an  almost  unlimited  number  of  applications  for  a  mechanism  by  means  of 
which  the  velocity  ratio  between  two  rotating  pieces  could  either  be  determined  at  any 
instant,  or  be  made  to  vary  in  any  required  manner.  Such  a  mechanism  would  enable 
two  variable  quantities  to  be  dealt  with  numerically,  for  with  it  the  operations  of 
differentiation  and  integration  could  be  mechanically  performed . 

For  differentiation  it  would  be  necessary  to  cause  two  rotating  bodies,  which  might 
be  disks  or  rollers,  to  be  turned  at  speeds  which  varied  respectively  according  to  the 
rates  of  change  of  the  variable  quantities,  one  quantity  being  a  function  of  the  other, 
when  the  velocity  ratio,  shown  by  a  suitable  index,  would  give  their  differential 
coefficient.  This  is  evident,  because  velocity  is  simply  the  space  passed  over  in  a 
given  time,  and  is,  in  the  limit,  proportional  to  the  increment  of  this  space.  For 
integration,  while  one  body  is  moved  at  a  rate  which  changes  with  the  independent 
variable,  the  velocity  ratio  of  the  two  bodies  (i.e.,  the  two  rotating  disks  or  rollers) 
must  be  made  proportional  to  the  dependent  variable.  The  actual  velocity  of  the 
second  or  driven  rotating  body  then  becomes  a  measure  of  the  product  of  the  latter 
into  the  rate  of  change  of  the  former  at  the  same  instant.  The  motion  of  the  driven 
body,  as  recorded  for  any  period  of  time  by  a  suitable  index,  is  therefore  a  measure  of 
the  integration  of  their  product  for  that  time. 

The  primary  or  simple  form  of  mechanism  has  but  small  value  in  comparison  with 
the  possibilities  which  a  combination  of  such  mechanisms  seems  to  offer.  The  index, 
which  shows  the  differential  coefficient,  or  the  driven  disk  which  records  the  results  of 
integration,  can  have  respectively  but  one  position  or  rate  of  motion  at  any  instant. 
By  employing,  however,  a  suitable  series  or  chain  of  such  mechanisms,  if  need  be  of 
both  kinds,  the  final  index  or  the  final  disk  could  be  made  to  either  indicate  or  record, 
as  the  case  might  be,  the  result  of  any  required  number  of  conditions.  It  is  difficult 
to  say  what  limit  there  would  be  to  the  powers  of  the  continuous  calculator  which 
such  a  combination  would  form. 

The  only  hitherto  known  mechanism  by  which  both  the  foregoing  operations  can  be, 
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in  theory,  effected  appears  to  be  that  commonly  referred  to  as  the  “  disk  and  roller,” 
with  its  modification,  the  disk-globe  and  cylinder-mechanism,  or  apparatus  such  as 
cones  and  belting  which  when  analysed  are  all  found  to  depend  for  their  action  upon 
the  same  kinematic  principles.  The  action  of  the  mechanism  is  simple  enough,  the 
disk,  which  is  usually  the  piece  to  which  motion  is  primarily  imparted,  drives  the 
roller  with  a  speed  proportional  both  to  its  own  angular  velocity,  and  to  the  distance 
of  the  roller  from  its  centre.  Pieces  of  apparatus,  such  as  cones  and  belting,  apart 
from  their  unavoidable  inaccuracy,  are  only  suitable  for  the  latter  of  the  two  above 
operations,  viz.,  integration,  and  will  therefore  not  be  further  alluded  to. 

The  disk  and  roller  mechanism  is  chiefly  known  as  a  mechanical  integrator.  Its 
application  for  this  purpose  is  due  to  Poncelet,  who  first  suggested  its  use  for  ergo- 
metrical  purposes  as  set  forth  in  his  ‘Mecanique  Industrielle,’  and  it  was  thus  employed 
by  General  Morin.  In  this  case  it  was  used  to  perform  the  operation  JF ds,  where  F  was 
the  force  of  traction  measured  by  a  spring,  ds  being  the  increment  of  space  passed  over 
at  that  instant  by  the  cart.  It  was  soon  afterwards  employed  by  Professor  Moseley 
in  a  “  constant  steam  engine  indicator  ”  designed  for  the  use  of  a  committee  of  the 
British  Association. *  In  this  instrument  the  disk  was  replaced  by  a  cone,  and  F  was 
the  varying  pressure  of  steam  in  the  cylinder.  Since  then  the  disk  and  roller 
principle  has  been  adopted  by  many  inventors  for  purposes  of  integration  in  con¬ 
junction  with  dynamometers  for  measuring  the  power  transmitted  from  a  prime  mover 
or  to  a  machine.  The  cone  and  roller  principle  was  employed  by  Professor  Moseley 
in  a  calculating  machine,!  and  by  Sang  and  others  as  a  Platometer  or  Planimeter. 
Messrs.  Ashton  and  Story  have  revived  the  application  of  the  disk  and  roller  to  a 
continuous  Indicator,  which  should,  however,  really  be  called  a  steam-power  Integrator . 
In  the  last-named  instrument  advantage  is  taken  of  the  fact  that  as  the  steam 
pressure  acts  alternately  on  one  side  or  the  other  of  the  piston,  the  roller  may  be 
made  to  take  a  corresponding  position  on  either  side  of  the  centre  of  the  disk,  thus 
both  the  forward  and  backward  stroke  of  the  engine  combine  to  effect  the  continuous 
rotation  of  the  roller  in  one  direction,  and  thereby  integrate  the  total  work  done. 

All  the  foregoing  examples  are  applications  of  the  disk  and  roller  mechanism  for 
purposes  of  integration.  Differentiation  may  practically  be  effected  by  means  of  the 
disk  and  roller  in  the  following  manner : — In  fig.  1  let  G  represent  the  disk,  and  B 
the  movable  roller.  Instead  of  the  roller  B  being  fixed  to  its  axis  the  latter  is  a 
screw  (E  E)  of  which  B  forms  the  nut.  For  convenience  the  disk  is  supposed  to  be 
driven  from  the  hollow  shaft  F  by  means  of  the  roller  A,  which  is  always  at  a 
constant  distance  from  the  centre  of  the  disk,  and  may  be  therefore  alluded  to  as 
having  the  same  motion  as  the  disk.  Suppose  this  screw  (EE)  to  be  turned  by  one 
body  whose  rotary  motion  varies  with  the  rate  of  increase  of  one  of  the  two  variable 
quantities,  while  the  motion  of  the  disk  depends  on  the  rate  of  increase  of  the  other 

*  lltli  Report  of  the  British  Association,  p.  308. 

f  L.  E.  and  D.  Phil.  Mag.,  vol.  xxx.,  p.  171. 
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Pigs.  1,  5,  6,  and  7. 


variable  quantity.  If  now  die  roller  B  which  is  driven  without  circumferential 
slipping  by  the  disk  has  a  greater  angular  velocity  than  the  screw,  it  will,  by  its 
action  on  the  screw,  be  moved  inwards  towards  the  centre  of  the  disk  until  its  rate 
of  motion  is  the  same  as  that  of  the  screw.  If  its  rate  of  angular  motion  is  less  it 
will  be  moved  by  the  screw  outwards  until  in  a  similar  way  it  is  at  rest.  This  may 
be  simply  expressed  in  symbols  thus — 

Let 

a; = angular  velocity  of  screw  EE,  i.e.,  of  roller  B. 

aq — angular  velocity  of  shaft  F,  i.e.,  of  roller  A. 

Pt= radius  of  disk. 

y— distance  of  B  from  centre  of  disk. 

Then  if,  as  is  assumed  to  be  the  case,  diameter  of  A  =  diameter  of  B 

angular  velocity  ofB _ w  _ y _  „ 

angular  velocity  of  A  wY  B  ' 

K  being  constant  and  equal  to 

1  Ja. 

That  is,  y  is  a  direct  measure  of  the  ratio  — . 

wi 

Now  there  is  no  limit  in  theory  to  the  speed  of  the  screw  (EE)  or  of  the  roller  (B), 
consequently  the  latter  may  be  caused  to  occupy  its  correct  position  with  any  required 
rapidity. 

Theoretically,  therefore,  y  may  be  made  to  measure  at  every  instant  the  ratio  of  the 
angular  velocities,  i.e. 


li 
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dz 

__  co  clt  dz 
dx  dx 
dt 

where  dz  and  dx  correspond  respectively  to  the  rates  of  change  of  the  two  variable 
quantities  at  any  time  t. 

The  author  three  years  ago  applied  this  principle  to  the  construction  of  a  speed 
indicator.  The  disk  was  driven  by  a  clock,  and  the  screw  by  the  body  whose  speed  was 
to  be  indicated.  In  this  case  oq,  the  angular  velocity  of  the  shaft  A,  was  constant. 

Then 

^1 _  T T 

co=y^=yK. 

There  were  in  the  above  instrument  two  screws  of  opposite  pitch  working  inde¬ 
pendently  upon  one  axis,  so  that  each  half  of  the  diameter  of  the  disk,  available  upon 
either  side  of  its  centre,  could  be  employed.  On  either  screw  was  a  roller,  working  as  a 
nut  and  connected  with  a  corresponding  index  upon  a  dial,  so  as  to  always  indicate  its 
position  upon  the  disk.  One  dial  was  arranged  to  indicate  the  speed  of  the  engines 
of  a  steam  vessel,  while  at  the  same  time  the  other  was  indicating  its  corresponding 
speed  through  the  water,  so  as  to  simplify  the  work  of  progressive  speed  trials.  Two 
practical  advantages  may  be  noticed  in  connexion  with  such  an  instrument.  The 
first  is  that  a  speed  indicator  of  this  kind  may  be  placed  in  any  part  of  the  ship  and 
communication  made  electrically,  as  was  done  in  the  above  case.  The  second  is  that 
the  slight  and  irregular  variations  in  velocity  which  in  most  speed  indicators,  such  as 
the  strophometer  of  Hearson  and  the  tachymeter  of  Buss,  necessitate  special  arrange¬ 
ments  of  springs  to  diminish  the  oscillations  of  the  index  hand,  are  not  recorded  with 
this  kind  of  instrument.  This  latter  fact  is  the  result  of  the  gradual  action  of  the 
screw,  which  may,  however,  be  so  arranged  as  to  cause  an  indication  of  any  required 
degree  of  sensitiveness.  It  is  not  necessary  to  further  describe  the  instrument,  which 
suffers  from  the  inherent  defects  of  the  disk  and  roller,  and  the  principle  of  which  the 
author  found  had  previously  been  suggested  by  two  correspondents  in  ‘  Engineering/* 
and  very  possibly  by  others.  Quite  recently  (May  24)  a  speed  indicator  of  this  kind 
was  exhibited  before  the  Physical  Society  by  Mr.  W.  Golden  and  Sir  A.  Campbell, 
in  which  the  disk  was  replaced  by  a  cone,  and  on  the  same  occasion  Mr.  N.  Bailey 
described  a  speed  indicator  of  his  own  which  was  no  other  than  the  simple  disk  and 
roller  applied  in  this  way.t 

Enough  has  been  said  to  show  that  a  great  many  attempts  have  been  made  to 
employ  for  practical  purposes  the  invaluable  principle  of  the  disk  and  roller  in  two 
distinct  ways,  one  of  which  is  the  converse  of  the  other.  J 

*  ‘  Engineering,’  vol.  xx.,  p.  314. 

f  £  Nature,’  vol.  xxx.,  p.  140. 

J  There  is,  it  is  true,  yet  a  third  way  of  using  the  disk  and  roller,  which  is  most  important  and 
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It  now,  therefore,  becomes  necessary  to  examine  the  defects  of  the  disk  and  roller 
in  view  of  both  the  foregoing  purposes.  These  defects  may  be  said  to  be  of  two 
kinds — 

(1.)  Those  which  are  the  result  of  the  principle  of  action  itself. 

(2.)  The  limited  range  of  action  of  the  instrument. 

(1.)  The  very  conditions  under  which  the  disk  and  roller  works  are  contradictory. 
On  the  one  hand  the  roller  must  slide  sideways,  that  is,  in  a  perpendicular  direction 
to  its  plane  of  rotation,  or  the  relative  velocity  cannot  be  changed.  On  the  other 
hand  no  sliding  or  slipping  must  take  place  in  the  direction  of  its  rotation,  which  must 
be  only  a  motion  of  pure  rolling  contact.  The  roller  has  to  work  upon  continuously- 
changing  circles,  and  nothing  in  the  nature  of  a  toothed  or  serrated  edge  is  admissible. 
Such  a  serrated  edge  has,  indeed,  been  introduced  by  some  inventors,  and  the  sur¬ 
face  of  the  cone  or  disk  on  which  it  works  made,  as  of  course  it  must  be,  of  softer 
metal.  This  was  so  in  the  instrument  of  Moseley  for  integrating  the  work  of  a 
steam  engine ;  but  it  is  a  significant  fact  that  the  committee  speak  of  the  ‘  slight 
furrows’  caused  in  consequence  upon  the  driving  cone.#  Now  it  is  easy  to  see  that 
these  slight  furrows  must  introduce  an  error,  as  the  position  of  the  roller  continually 
changes,  and  quite  vitiate  the  differential  principle  of  action.  The  force  of  friction 
which  must  therefore  be  employed  to  ensure  rolling  contact  leads  to  the  three 
following  defects : — 

(i.)  Grinding  action  between  the  edge  of  the  roller  and  face  of  the  disk. 

(ii.)  Necessity  for  the  application  of  force  in  order  to  change  the  position  of 
the  roller. 

(iii.)  Error  in  numerical  results. 

(i.)  The  first  of  these  is  well  known,  and  is  in  fact  illustrated  in  an  extreme  case  by 
every  mortar  or  pug  mill.  As  the  edge,  which  must  initially  have  some  appreciable 
thickness,  however  slight,  grows  wider,  the  evil  increases,  and  the  size  of  the  roller 
altering  the  accuracy  of  its  record  is  destroyed.  This  must  take  place  rapidly  in  the 
case  of  the  steam  engine  integrator,  where  such  a  wide  range  of  motion  occurs  at 
every  stroke  of  the  engine. 

(ii.)  The  second  defect  is  a  serious  one  where  the  instrument  is  employed  for 
ergometrical  purposes,  as  even  allowing  that  the  friction  may  be  always  constant  at 
one  portion  of  the  disk,  it  cannot  be  so  where  the  conditions  of  rolling  are  different. 

Where  the  disk  and  roller  is  employed  as  a  screw  for  the  converse  process,  the  same 
actual  side  friction  must  also  take  place,  though  it  is  not  so  apparent.  The  objects  for 
which  it  has  been  more  frequently  suggested  or  employed  require  the  use  of  a  clock, 
and  the  author  has,  in  endeavouring  to  apply  the  principle  to  the  above-mentioned 

entirely  distinct  in  principle  from  the  two  already  discussed,  but  its  application  is  only  suitable  for 
numerical  and  discontinuous  calculation ;  and  as,  moreover,  it  involves  no  new  mechanical  arrangement, 
it  is  not  alluded  to  until  hereafter  (p.  385),  when  discussing  the  other  purposes  of  the  new  mechanism. 

*  11th  Report  of  the  British  Association,  p.  321. 
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speed  indicator,  experienced  no  small  difficulty  in  consequence  of  the  powerful  and 
expensive  clockwork  required  to  ensure  a  uniform  speed  of  rotation. 

It  is  with  combinations  of  this  mechanism  that  the  evil  results  of  this  loss  of  power 
are  most  evident,  not  merely  because  of  the  limited  extent  to  which  it  can  only  in 
consequence  be  applied,  but  because  of  the  unavoidable  introduction  of  errors. 

(iii.)  The  third  and  last  objection,  first  pointed  out  by  Professor  Clerk  Maxwell, 
is  perhaps  the  most  serious  of  all. 


tig.  2. 
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Let  A  (fig.  2)  be  a  plan  of  the  roller,  O  being  the  centre  of  the  disk  which  is 
turning  in  the  direction  indicated  by  the  arrow  N.  Let  A  Q  be  the  reaction  to  the 
force  required  to  drive  the  roller  round,  acting  at  its  periphery  at  the  point  of  contact 
with  the  disk.  This  force  though  small  must  exist,  and  the  result  is  that  the 
displacement  of  the  roller  when  the  larger  force  A  P  (wdiich  is  that  tending  to  alter  its 
position  radially  on  the  disk)  comes  into  operation  is  not  radial  but  along  A  P.  This 
line  A  R  is  the  direction  of  the  resultant  of  A  P  and  A  Q,  and  by  moving  along  it  the 
roller  really  slips  through  a  circumferential  distance  R  P,  which  represents  the  actual 
error  thus  introduced  into  the  result.  The  total  error  is  thus  proportional  to  the 
distance  moved  sideways  by  the  roller,  that  is,  to  its  transverse  displacement.  It  is 
this  fact  which  is  ignored  in  the  tests  of  ergometers.  The  common  method  of 
procedure  is  to  turn  the  instrument  through  a  certain  distance  with  a  load  deflecting 
the  spring  to  a  known  and  constant  amount,  and  the  roller  consequently  at  one  radial 
position  on  the  disk.  This  is  repeated  for  various  other  positions  of  the  rofler  when 
the  record  of  work  done  is  in  each  case  found  to  be  correct,  and  it  is  hard  to  see  why 
it  should  be  otherwise.  These  are  not,  however,  the  practical  conditions  of  working, 
wdiich,  as  a  rule,  are  totally  different.  In  ergometers  and  steam  engine  integrators, 
for  instance,  a  continual  change  takes  place  in  the  position  of  the  roller  due  to 
fluctuations  of  power  or  steam  pressure.  This  introduces  an  error  in  the  way 
described  which  it  does  not  appear  possible  to  allow  for  even  if  the  law  of  variation  be 
known,  without  elaborate  calculation.  It  certainly  would  be  difficult  to  test  an 
ergometer  or  similar  instrument  with  a  view’  to  ascertaining  and  allowing  for  this 
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error  since  exactly  similar  conditions  to  those  occurring  in  practice  must  be  ensured, 
and  it  may  be  fairly  asked,  What  check  is  there  upon  the  records  of  the  large  number 
of  instruments  of  this  kind  in  use  ? 

It  was  for  the  purpose  of  obviating  the  defects  of  combined  sliding  and  rolling 
action*  that  Professor  James  Thomson  invented  the  disk-  globe-  and  cylinder- 
integrator.  This  mechanism  was  at  once  applied  by  Sir  William  Thomson  for 
purposes  which  had  previously  been  deemed  incapable  of  mechanical  treatment,  viz., 
the  analysis  required  in  connexion  with  tide-calculating  machines.  But,  more  than 
this,  it  was  shown  by  Sir  William  Thomson  that  the  combination  for  purposes  of 
integration,  now  possible  from  the  reduced  friction,  were  not  only  applicable  for 
calculating  l<j)(x)\fj(x)dx,  the  integral  of  the  product  of  two  functions,  but  could  in 
theory  integrate  linear  differential  equations  of  any  order  with  variable  coefficients. t 
In  one  application  of  the  mechanism  which  has  been  devised  by  that  gentleman  for 
the  solution  of  a  differential  equation  two  machines  are  employed.  The  fork  of  one 
sphere  is  connected  with  the  cylinder  of  the  second,  and  the  fork  of  the  second  sphere 
with  the  cylinder  of  the  first.  Thus  the  motions  gl  and  g«  of  the  centre  of  the  sphere 
are  obtained,  and  by  eliminating  the  latter,  the  former  ((/j)  is  found  to  be  the  solution 
of  the  differential  equation.  This  method  requires  the  measurement  of  the  movement 
of  the  fork,  that  is,  of  the  centre  of  the  sphere,  to  obtain  the  result.  The  use  of  the 
'position  of  the  fork  indicated  on  a  scale  at  every  instant  in  order  to  obtain  a  differential 
coefficient  does  not  appear  to  have  been  proposed,  and  the  author  therefore  ventures 
to  suggest  the  following  arrangement  of  the  disk-  globe-  and  cylinder-mechanism  for 
that  purpose. 

Figs.  3  and  4. 


Figs.  3  and  4  represent  this  arrangement  in  front  and  side  elevation.  The  disk,  as 
in  the  corresponding  disk  and  roller  mechanism,  is  driven  by  the  wheel  A,  at  a  speed 
which  varies  as  one  variable  quantity,  and  communicates  a  corresponding  motion  to 
the  globe,  and  thus  to  the  cylinder.  The  axis  of  the  cylinder  is  prolonged,  and  upon 
it  is  cut  a  screw  which  works  through  a  nut  N.  This  nut  forms  the  axis  ol  the  second 

*  1  Proceedings  of  the  Royal  Society,’  vol.  24,  p.  263. 
t  Ibid.,  pp.  266,  271. 
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wheel  B,  which  is  likewise  driven  at  a  speed  which  varies  with  the  other  variable 
quantity.  The  wheel  B,  though  not  rigidly  connected  with  N,  compels  it  by  means 
of  its  square  or  polygonal  section  to  rotate  with  the  same  angular  velocity,  while  at 
the  same  time  allowing  it  to  slide  freely  in  a  longitudinal  direction.  If,  now,  the 
wheel  A,  or  what  is  the  same  thing,  the  cylinder,  has  the  same  angular  motion  as  the 
wheel  B,  then  the  nut  N  remains  at  rest.  If  the  motion  is  not  the  same,  the  nut  is 
moved  by  the  action  of  the  screw  until  it  is  so.  The  position  of  the  centre  of  the 
globe,  or  of  the  index  I  on  the  scale  S,  indicates  at  a  glance  the  ratio  of  the 
increments  of  the  two  quantities. 

Just  as  in  the  case  of  the  disk  and  roller,  by  causing  the  motion  of  the  wheels  A 
and  B  to  be  sufficiently  rapid,  the  differential  coefficient  may  be  approached  with  any 
required  degree  of  closeness  according  to  the  equation 

T_  (o  dz 

yK=— =— , 

a)x  dx 

where  y  is  the  distance  of  the  centre  of  the  sphere  from  the  centre  of  the  disk.  If 
this  mechanism  were  applied  to  measure  velocity,  the  wheel  A  would  be  driven 
directly  by  the  clock,  the  wheel  B  by  a  machine  whose  velocity  is  to  be  measured. 

Another  mode  of  dealing  with  the  resistance  of  the  roller  to  sliding  has  been 
suggested  by  Mr.  Vernon  Boys,*  in  connexion  with  a  different  mechanism.  This 
method  consists  of  a  very  ingenious  device  which  the  inventor  terms  a  “  mechanical 
smoke  ring,”  but  though  described  by  means  of  a  detailed  drawing  it  does  not  appear 
to  have  been  actually  constructed,  and  indeed  it  is  not  easy  to  see  how  this  could  be 
accomplished  to  ensure  a  piece  of  mechanism  giving  accurate  results. 

(2.)  It  is  now  necessary  to  consider  the  second  kind  of  objection,  viz.,  the  limited 
range  of  measurement  of  the  disk  and  roller.  This  does  not  affect  the  magnitude  of 
the  growth  of  either  variable,  but  it  does  affect  the  measurement  of  their  ratio,  which 
is  given  by  the  radius  of  the  circle  on  which  the  roller  or  sphere  is  turning  on  the 
disk.  In  theory  it  is  only  necessary  to  alter  the  units  and  reduce  the  scale  to  any 
required  extent.  This,  in  the  integrating  form,  merely  results  in  magnifying  the  errors 
near  the  zero  position,  that  is  near  the  centre  of  the  disk.  In  the  converse  application 
it  has  a  more  serious  result,  which  must  be  briefly  considered. 

Bearing  in  mind  that  it  is  the  ratio  of  the  rate  of  change  of  the  two  quantities 
which  is  being  now  considered,  let  it  be  assumed  that  this  with  each  of  them  in  turn 
becomes  relatively  very  small.  1st.  Let  this  take  place  wTith  the  one  which  regulates 
the  motion  of  the  screw;  in  which  case  the  roller  B,  fig.  1,  simply  moves  inwards 
towards  the  centre  of  the  disk,  and  will  register  to  the  limiting  value  however  small. 
That  is  in  the  notation  already  adopted,  since 

&>i 

*  ‘  Philosophical  Magazine,’  vol.  xxii.,  p.  80. 
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In  the  limit  when 

o)  =  0  y=o 

2ndly.  If  the  rate  of  change  of  the  other  quantity,  that  is,  the  one  connected 
with  the  disk,  becomes  very  small,  then  the  roller  B  moves  outwards  and  reaches  the 
edge  of  the  disk,  at  which  point 

2/=It  and  6)=&q 

that  is,  with  the  equal  rollers  (A  and  B)  it  is  impossible  to  indicate  a  ratio  less  than 
unity.  It  should  be  noted  that  any  increase,  however  great,  of  the  quantity  now 
being  considered  can  be  (in  theory)  measured,  for  if  oq  becomes  very  great,  y  becomes 
very  small,  and  may  approach  as  nearly  as  desired  the  limiting  case  when 

y—  0  oq=  co  . 

Any  advantage  arising  from  this  latter  consideration  does  not  counterbalance  the 
disadvantage  that  when  cu=aq  any  further  decrease  in  the  speed  of  the  roller  A  causes 
B  to  leave  the  disk  and  necessitates  special  arrangements,  not  so  simple  as  it  might  at 
first  be  supposed,  to  bring  B  on  the  disk  again. 

In  the  cases  in  which  this  kind  of  mechanism  would  most  probably  be  applied  in 
practice,  a  clock  would  be  used,  so  as  to  make  one  of  the  two  speeds  constant,  and 
only  introduce  one  variable  quantity.  It  is  evident  from  what  has  been  said  that  the 
clock  would  always  be  employed  to  drive  the  disk  by  means  of  the  roller  A,  for  then 
the  maximum  rate  change  of  the  variable,  which  variable  might  for  instance  be  velocity, 
would  be  previously  ascertained.  The  dimensions  could  then  be  arranged  so  that  the 
indicating  roller  B  would  never  leave  the  disk,  while  the  lowest  velocities,  down  to 
the  stopping  of  the  body  in  motion,  would  be  recorded.  The  author  found  that  in 
designing  the  speed  indicator  previously  alluded  to,  a  suitable  velocity  of  the  disk 
was  not  easy  to  attain  without  unduly  increasing  its  size  and  introducing  consequent 
mechanical  disadvantages. 

In  order  to  obtain  unlimited  range  within  a  small  compass,  the  author  therefore 
designed  the  arrangement  shown  in  fig.  5.  The  driving  roller  A'  is  directly  connected 
with  the  other  roller  B',  so  that  their  radial  positions  on  the  disk  change  together  and 
to  an  equal  extent,  their  distance  apart  being  equal  to  the  radius  of  the  disk  (R).  At 
the  same  time  their  angular  motions  are  independent  of  each  other. 

Let  %— distance  of  A'  from  centre  of  disk,  then 


but 


®__y 

(Ol  z 
z=U-y 


oi  — 


y 

B-y  1 


3  c  2 


therefore 
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Let 


y—  0  then  co  =  0 

y=z=R— y  „  &>=aq 

y = H  ,,  oj=  cc  (i. e.,  may  approach  that  value). 


Though  the  greatest  possible  range  is  thus  obtained  the  result  is  not  really  so 
convenient  for  practical  purposes.  For  instance,  with  an  ergometer  or  steam  engine 
integrator  one  advantage  of  the  former  mechanism  is  lost,  for  now  work  is  not 
registered  in  simple  proportion  to  the  deflection  of  the  spring.  For  the  converse 
purposes  the  scale  would  merely  have  to  be  graduated  according  to  the  equation 
betweed  co  and  y  (oq  being  constant). 

There  is,  however,  a  connexion  between  the  two  forms  of  disk  and  roller  which 
bears  a  resemblance  of  considerable  interest  to  two  corresponding  forms  of  sphere  and 
roller,  and  when  followed  out  leads  to  important  results. 

In  fig.  6  let  0  be  the  centre  of  a  sphere  which  rotates  on  two  fixed  centres 
C  and  Cq  that  is  about  the  axis  C  Cj. 

Let  a  be  the  point  of  contact  of  the  roller  A  which  works  against,  or  rolls  upon, 
the  great  circle  of  revolution  (i.e.,  the  equator),  and  b  the  point  of  contact  of  the  roller 
B  which  rolls  on  a  small  circle  whose  radius  is  bq. 

Let  angle  of  plane  of  rotation  of  B  with  axis  CCpa 
then 


but 

therefore 


angular  velocity  of  B  _  w 
angular  velocity  of  A  &q 


bq 
0  a 


bq 


—  =  —  =  sm  a 

\Ju 


bq 
0  a 


to 

—  sm  a 


or 


(o=aj1  sin  a 


In  fig.  7  the  roller  A'  is  movable  as  well  as  roller  B'.  They  are  both  attached 

to  the  same  movable  frame — their  planes  of  rotation  being  always  perpendicular  to 

each  other. 

Then 

angular  velocity  of  P/  o'  b'q' 

angular  velocity  of  A'  col  a'p' 


but  by  similar  triangles  O'q'b',  0 'pa 


t  /  r\ '  / 

a  p  —\Jq 


CONTINUOUS  CALCULATING  MACHINES. 


377 


therefore 


or 


to 


o  y 


=  t  an  a 


ft)  —  ft»1  tan  a 


These  may  be  called  the  “sphere  and  roller”  arrangements  or  mechanisms.  The 
relation  between  the  two  forms  of  disk  and  roller  is  now  clear.  The  first  is  derived 
from  the  more  general  sine  or  cosine  (or  secant,  or  cosecant)  form  of  sphere  and  roller 
mechanism,  the  second  may  be  in  the  limiting  positions  compared  with  the  tangent 
or  cotangent  form. 

For  in  the  first  case,  when 

a=0  then  ft)  —  0 
a=90°  ,,  (y  =  ft)1 

or  as  before  by  changing  the  rollers 

a=90°  then  <y  =w1 

a—0  ,,  ft)1=oo 

So  that  the  range  in  the  sine  form  is  either  from  0  to  ft),  or  from  Wj  to  oo  . 

In  the  second  case,  when 

a=0  co=0 

a=45  &)  =  ft)1 

a=90  ft)=co 


So  that  the  range  in  the  tangent  form  is  (theoretically)  from  0  to  oo . 

These  results  were  brought  by  the  author  before  the  Physical  section  of  the  Bristol 
Naturalist  Society  in  November  last,  and  illustrated  by  a  model  with  a  wooden  sphere 
6"  in  diameter.  It  was,  however,  in  endeavouring  to  apply  them  to  practical  purposes 
that  the  author  was  led  to  the  investigation  which  has  resulted  in  the  present 
communication. 

In  fig.  6  take  any  point  P  in  the  axis  of  rotation  of  the  sphere.  Draw  P  F  in  a 
direction  perpendicular  to  the  plane  of  rotation  of  the  roller  B.  Then  by  a  suitable 
mechanical  device  consisting  of  a  cross  F,  sliding  upon  a  rod  O  T  through  which 
another  rod  turning  about  the  centre  P  freely  passes,  it  is  evident  that  for  any  value 
of  the  angle  a 


PF 

OP 


=  sin  a 


but  by  previous  reasoning  it  may  be  arranged  that 


&)  dz 

—  =  —  =  Sin  a 
ft)L  dx 
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also 

therefore 


OP=a  constant =h 


PF =h- 

®i 


So  that  P  F  is  a  direct  measure  of  the  ratio,  as  is  the  radial  distance  of  the  roller  in 
the  simple  form  of  disk  and  roller.  Moreover  if  s=  distance  turned  through  by  a 
point  in  the  circumference  of  B  in  any  time 

p  Jp 

s=b\  dz=-\  ydx 
Jo  o 


where  b  is  the  radius  of  roller  B. 

In  fig.  7  let  P'  be  again  the  fixed  point,  but  now  take  P'  F'  perpendicular  to  the  axis 
of  rotation  of  the  sphere  instead  of  as  previously  to  the  plane  of  roller  B,  and  fix  it 
rigidly  in  this  position. 

Employ  at  F'  a  sliding  swivel  instead  of  a  cross  as  before,  through  which  O'  F'  freely 
passes,  so  that  as  the  angle  a  changes  in  any  way 


PF 

O'P' 


=  tan  a 


or  as  before  from  previous  reasoning 

P'F'  ,  u>  dz  y 

OT7-  tan  a 
or 

P'F  '=k'~=y 

dx  J 

or 

p'  j)  p' 

s'=6  dz=-\  ydx 
Jo  k  j  0 

The  sphere  and  roller  mechanism  might,  therefore,  be  at  once  employed  to  replace 
the  disk  and  roller,  but  with  the  following  important  difference.  The  sine  form  has 
still  the  limited  range  of  the  corresponding  form  of  disk  and  roller  ;  but  the  tangent 
form,  while  having  unlimited  range,  has  not  now  the  inconvenient  relation  between 
the  variables  of  the  corresponding  form  of  disk  and  roller,  but  is  as  simple  to  graduate 
and  read  as  the  other. 

For  practical  purposes  the  graduation  along  the  fixed  perpendicular  bar  of  the 
tangent  form  will  be  shown  to  be  much  more  convenient  to  read  than  those  along  the 
oscillating  or  swinging  bar  of  the  sine  form,  and  therefore  would  probably  be  generally 
employed.  For  the  present  in  what  follows  that  form  will  be  the  only  one  treated  of. 

Although  one  of  the  practical  objections,  viz.,  that  of  grinding,  has  been  obviated, 
there  is  still  left  that  of  side  slipping  of  the  roller  on  the  sphere  when  change  of 
velocity  ratio  is  required  to  take  place.  This  may  be  obviated  in  the  following  manner. 
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Suppose  the  fixed  centres  C  and  Cx  (figs.  6  and  7),  each  in  contact  always  with  the 
same  point  on  the  spherical  surface  to  be  replaced  by  rollers  having  horizontal  planes 
of  rotation. 

It  will  be  seen  that  as  these  rollers  offer  less  resistance  than  the  side  friction  of  the 
other  rollers,  the  sphere  will  be  carried  bodily  round  when  the  angle  a  is  changed,  and 
the  resistance  will  now  only  be  that  of  the  turning  of  the  rollers  C  and  Cj.  To  make 
the  arrangement  a  practical  one,  and  to  hold  the  sphere  in  its  place,  idle  rollers  must 
be  placed  respectively  opposite  to  A  and  B,  and  fixed  to  the  same  frame  in  order  to 
counteract  their  pressure.  Also  a  supporting  roller  must  be  placed  underneath  the 
sphere,  with  its  piane  of  rotation  always  perpendicular  to  the  axis  of  rotation  (C  C)  of 
the  sphere,  or  what  is  the  same  thing,  its  axis  must  be  always  parallel  to  that  of  the 
sphere,  and  consequently  carried  in  the  same  frame  as  the  centres. 

It  would  not  be  convenient  to  actuate  the  rollers  A'  and  B',  or  to  employ  the  screw 
axis,  if  the  frame  carrying  A'  and  B'  actually  moved  in  position,  and  there  is  no  reason 
why  this  should  be  done. 

There  are  clearly  two  distinct  frames,  and  two  only  to  be  dealt  with,  one  carrying 
the  centres  and  supporting  roller,  the  other  carrying  the  two  rollers  A  and  B,  and  the 
idle  ones  opposite  to  them.  The  motion  of  the  two  frames  being  purely  relative  may 
be  reversed,  and  the  frame  carrying  the  centres  made  the  movable  one. 

Thus  the  sphere  will  now  rotate  about  movable  centres. 

To  put  these  ideas  into  practical  shape,  and  to  see  if  the  rolling  centres  would 
answer,  a  model  was  made  to  integrate  areas.  This  is  shown  in  plan,  and  front 
elevation,  in  figs.  9  and  10.  A  sphere  of  boxwood  (G)  is  held  in  a  frame  simply 
formed  by  bending  round  suitably  shaped  sheet  brass,  which  thus  caused  the  rollers  to 
grip  the  sphere.  The  rollers,  A  A'  B  B',  were  disks  of  boxwood,  and  merely  had 
common  red  elastic  bands  cemented  upon  their  peripheries.  The  paper  on  which  is 
the  area  to  be  integrated  is  folded  round  a  cylinder  (M),  and  held  there  by  two  india- 
rubber  bands.  The  cylinder  is  turned  by  means  of  a  milled  wheel,  N,  with  one  hand, 
and  the  pointer  P,  which  is  connected  with  the  movable  frame  of  centres,  is  kept  on 
the  curve  with  the  other.  The  roller  A  works  in  contact  with  the  surface  of  the 
paper,  and  communicates  its  motion  by  frictional  contact  of  the  indiarubber  to  the 
sphere.  The  motion  of  the  pointer  connected  with  the  axis  of  B  is  registered  on  a 
suitable  dial. 

The  model  not  only  worked  entirely  in  obedience  to  the  movable  centres  as  far  as 
its  range  of  action  permitted,  and  required  only  the  application  of  an  extremely 
small  force  to  change  the  relative  position  of  the  frames  (i.e.,  the  velocity  ratio  of 
A  and  B),  but  although  only  roughly  made  gave  approximately  correct  results.  It 
was  found,  however,  that  the  wreight  of  the  sphere  was  not  sufficient  to  keep  it 
accurately  in  its  place,  and  the  more  elaborate  integrating  machine  shown  in  plan  and 
elevation  (figs.  11  and  12)  has  been  constructed. 

In  this  latter  instrument  rollers  are  placed  both  above  and  below  the  sphere,  the 
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distribution  of  all  the  rollers  being  shown  by  figs.  13  and  14  (p.  17),  which  are 
respectively  a  diagrammatic  plan  and  elevation  of  the  arrangement.  In  fig.  11  the 
movable  frame  is  for  the  sake  of  clearness  omitted,  but  it  is  shown  in  plan  in  fig.  12. 


Figs.  9  and  10. 


The  principle  upon  which  the  area  of  any  curve  is  integrated  when  the  pointer  has 
passed  round  the  periphery  is  perfectly  simple.  In  fig.  15  (p.  383)  let  ON,  the  axis 
of  x,  be  the  trace  of  roller  A  on  the  cylinder,  let  P  be  the  position  of  the  pointer  at 
any  point  on  the  curve  for  which  the  ordinate 


PP'=y 

PN  =y2 
P'N=y1 


The  motion  of  the  roller  B  when  the  pointer  passes  along  the  line  hPg  gives  in 
suitable  units 


=  area  of  curve  hVglm. 
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The  motion  of  B  when  the  pointer  passes  along  gV'li  is 

— jy1<i£c=area  of  curve  gVhrnl 

because  the  roller  A  is  moving  in  the  opposite  direction,  and  dx  is  negative. 
Finally,  the  result  shown  by  the  index  is 

|  y,dx  —  |  yxdx  =  f  (yz -  yx)dx 


=1 


PP  'dx—\% 


=  area  VgVh 


The  same  result  might  have  been  obtained  with  the  sine  arrangement  (fig.  16),  but 
now  either  the  top  or  bottom  roller  in  the  movable  frame  must  travel  along  the  line  of 
ordinates,  and  the  point  N  be  the  centre  of  rotation  for  the  end  of  the  drum  on 
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which  the  area  is  wrapped.  This  is,  of  course,  not  so  convenient,  and  its  possibility 
is  chiefly  interesting  from  a  theoretical  point  of  view. 

The  satisfactory  working  of  the  first  model  proved  that  the  principle  of  action  was 
practicable,  and  some  of  the  most  important  results  were  at  once  evident ;  one  of 
these  being  the  formation  of  a  chain  of  such  mechanisms  in  which  the  loss  from 
friction  would  be  inappreciable  ;  another  being  the  application  of  a  rapidly  moving 
screw  with  clock-work  for  such  instruments  as  speed  indicators.  Moreover,  the 
compound  arrangement  might  be  of  very  compact  form.  There  was  one  objection 
which,  though  of  no  importance  in  most  applications  for  purposes  of  integration,  was 
a  serious  one  for  certain  applications  of  the  converse  process.'  This  was  the  fact  that 
the  movable  centres,  notwithstanding  the  great  range  of  velocity  ratio,  could  never 
take  such  a  position  as  to  give  the  limiting  values  in  either  direction.  This  is  shown 
at  once  by  fig.  12,  where  it  is  seen  that  to  do  this,  that  is,  for  a  to  become  0°  or  90° 
the  movable  centres  would  have  to  come  into  contact  with  the  other  rollers  A  A'  or 
B  B'.  It  must  not  be  overlooked  that  although  the  roller  centres  are  nominally  in 
contact  at  a  point,  yet  that  really  the  sphere,  in  turning,  twists  upon  the  movable 
centres  at  its  equator,  while  motion  of  the  movable  frame  causes  the  supporting  rollers 
to  twist  upon  the  sphere  at  its  poles.  The  result  is  that  a  smooth,  hard,  and  conse¬ 
quently  expensive  sphere  is  required,  which  in  the  integrating  machine  shown  in 
figs.  11  and  12  is  made  of  ivory.  It  should  be  noted  that  even  if  slight  wear  takes 
place  at  the  centres  it  is  distributed  over  the  whole  spherical  surface,  for  directly  the 
frame  moves  round,  the  former  centre  becomes  a  point  which,  by  a  sort  of  precessional 
action,  is  not  likely  to  again  become  the  centre,  at  any  rate  for  a  considerable  period 
of  time. 

It  was  in  endeavouring  to  overcome  these  difficulties,  and  also  account  for  the 
satisfactory  action  of  the  rolling  centres,  that  the  author  discovered  that  the  fore¬ 
going  arrangement  of  movable  centres  was  only  a  special  case  of  a  far  more  general 
principle,  which,  like  it,  might,  with  suitable  mechanism,  be  applied  to  many  bodies 
but  which,  in  the  case  of  the  sphere,  leads  to  very  practical  results. 

Let  fig.  17  be  the  perspective  view  of  a  sphere.  Suppose  A  C  A'  C'  to  be  the  great 
circle  formed  by  the  intersection  of  a  horizontal  plane  with  the  spherical  surface. 
Let  D  C'  D'  C  be  the  great  circle  formed  by  a  vertical  plane.  Then  these  two  planes 
always  intersect  in  a  diameter  C  C',  which  may  have  any  direction  in  the  horizontal 
plane.  Suppose  a  series  of  rollers,  whose  planes  of  rotation  are  all  perpendicular  to 
the  horizontal  plane,  and  which  are  in  contact  with  the  great  circle  A  C  A'  C',  sup¬ 
pose  also  a  second  set  of  rollers,  whose  planes  are  perpendicular  to  the  vertical  plane 
D  C  D'  C',  and  which  are  in  contact  with  the  circle  DCD'  C'.  Then,  by  a  well- 
known  principle  of  mechanism,  rolling  contact  can  only  take  place  between  the 
spherical  surface  and  the  former  set  of  rollers,  when  the  axis  of  rotation  of  the  sphere 
is  in  the  horizontal  plane,  for  only  then  will  all  their  axes  intersect  the  axis  of  rotation 
of  the  sphere.  Similarly  the  rollers  round  the  vertical  great  circle  can  only  roll  on  the 
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sphere  when  its  axis  of  rotation  is  in  the  plane  of  that  great  circle.  The  only  axis 
fulfilling  both  these  conditions  is  that  coinciding  with  the  intersection  of  the  two  diametral 
■planes. 

Figs.  13,  14,  15,  16,  18,  and  19. 


It  was  at  the  extremity  of  this  axis  C  C'  (fig.  17)  that  the  movable  centres  were 
always  in  contact ;  but  their  successful  action  was  not  due  to  this  fact,  but  simply 
because  they,  together  with  the  supporting  roller,  fulfilled  the  other  conditions. 
These  conditions,  which  can  really  he  approximately,  but  never  perfectly,  fulfilled, 
may  be  briefly  stated  as  three  in  number  : — 

3  d  2 
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(1.)  No  slipping  must  take  place. 

(2.)  Each  set  of  rollers  must  always  be  in  contact  round  the  great  circles 
formed  by  two  perpendicular  (not  necessarily  horizontal  and  vertical) 
diametral  planes. 

(3.)  The  axes  of  all  the  rollers  must  intersect  the  line  of  intersection  of  the 
two  planes. 

It  will  be  observed  that  nothing  is  said  about  the  planes  of  rotation  of  the  rollers 
containing  the  centre  of  the  sphere  in  the  last  condition,  and  the  fact  that  this  is  not 
necessary  is  taken  advantage  of  in  the  last  application  which  is  described  in  this  paper. 

From  the  foregoing  results  it  is  evident  that  it  is  not  the  distribution  of  the  rollers 
round  the  great  circle  that  is  important,  but  the  direction  of  their  axes.  Therefore  the 
rollers  hitherto  alluded  to  as  movable  centres  do  not  require  to  be  placed  at  the  points 
of  intersection  of  the  diametral  planes,  and  may  be  removed  to  such  a  position  that 
they  can  never  come  into  contact  with  the  rollers  round  the  horizontal  great  circle  of 
contact.  At  the  same  time  the  top  and  bottom  rollers  which  are  not  required  to  be 
in  contact  with  the  poles  of  the  sphere  may  be  removed  to  any  other  convenient 
position  along  their  great  circle  of  contact. 

Figs.  18  and  19  (p.  383)  show  respectively  a  diagrammatic  plan  and  elevation  of  the 
sphere  and  rollers  thus  arranged,  and  the  views  are  lettered  to  correspond  with  figs. 
11  and  12.  Figs.  20  and  21  show  the  details  of  the  mechanism  designed  to  carry  the 
above  principles  into  operation.  The  rollers  in  contact  with  the  horizontal  circle  are 
carried  on  a  bracket,  which  is  part  of  the  fixed  frame  (I  I).  Those  in  contact 
with  the  vertical  circle  are  carried  in  a  strongly-ribbed  movable  frame  (F  F).  The 
mode  of  attaining  numerical  results,  if  required,  would  be  of  course  identical  with 
that  employed  in  the  instruments  already  described,  and  would  require  the  additional 
parts  shown  in  connexion  with  them. 

The  two  kinds  of  defects  shown  at  the  commencement  of  this  investigation  to  exist 
in  the  disk  and  roller  have  thus  been  practically  eliminated. 

(1.)  The  results  of  friction  are  reduced  to  a  minimum,  for  not  only  does  the  change 
of  velocity  ratio,  i.e,,  the  relative  position  of  the  axes  of  rotation  of  the  sphere  to  the 
fixed  rollers,  take  place  by  rolling,  but  the  sphere  itself  is  entirely  supported  by 
rollers,  and  thus  there  is  absolutely  nothing  but  rolling  contact.  This  was  not  the  case 
with  movable  centres.  The  immediate  result  of  this  is  that  the  hard,  smooth  surface 
of  the  sphere  is  no  longer  necessary,  since  no  twisting  now  takes  place,  and  the  edges 
of  the  rollers  transmitting  the  motion  to  be  measured  may  now  be  serrated  so  as  to 
form  the  envelopes  of  their  teeth  upon  the  elastic  surface  of  the  sphere. 

This  effects  a  great  reduction  of  friction,  for  the  pressure  which  -was  formerly 
necessary  to  ensure  the  transmission  of  rolling  by  frictional  contact  of  the  driving 
roller  (A)  in  the  fixed  frame  is  now  greatly  reduced.  The  contact  is  now  scarcely 
frictional  contact  at  all,  and  the  pressure  on  the  bearings  is  so  reduced  that  the  most 
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delicate  forces  may  be  dealt  with  by  the  mechanism,  and  accuracy  of  numerical  results 
ensured. 

(2.)  With  regard  to  range  of  action  it  is  clear  that  theoretically  this  is  now  infinitely 
great  in  both  positive  and  negative  direction,  as  may  be  seen  by  examining  the  travel 
of  the  movable  frame  (fig.  21  ).* 

Figs.  20  and  21. 


Applications  for  discontin  uous  calculation. 

It  has  been  already  shown  how,  with  the  sphere  and  roller,  areas  may  readily  be 
integrated  and  the  operation  of  differentiation  (by  employing  a  screw)  be  performed. 
Various  other  results  may  however  be  obtained  in  a  third  way  which  has  already  been 
alluded  to  (p.  371).  Before  discussing  this  it  may  be  well  to  point  out  that  a  very 
simple  numerical  computator  is  at  once  formed  by  the  sphere  and  roller  integrator  in 
the  special  case  where  the  position  of  the  movable  frame  is  constant  during  any  given 
motion  of  the  driving  roller.  A  product  or  quotient  of  two  given  numbers  may  be 

*  See  note  at  end  of  the  paper. 
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directly  obtained  in  the  following  way.  Suppose  the  rollers  A  and  B  (fig.  22)  to  he 
graduated  and  a  pointer  or  index  attached  to  each  so  as  to  enable  the  distance  turned 
through  by  either  to  be  read.  Suppose  each  reading  to  be  brought  to  zero  and  the 
pointer  P  (connected  with  the  movable  frame)  moved  into  a  position  such  that 

AP  =  x=  one  factor. 

Then  turn  the  roller  A  through  a  distance  such  that  the  index  on  A  reads 

m  —  the  other  factor. 

Then  by  taking  suitable  units,  or  what  amounts  to  the  same  thing,  by  using 
suitably  proportioned  rollers, 

Reading  of  B  —  n  =  mx  =  product  of  the  two  given  factors. 

To  obtain  a  quotient  a  similar  method  would  be  adopted,  but  the  roller  B  would 
now  be  turned  instead  of  A,  then 

Reading  of  A  =  m  =-=  quotient. 

cc 

The  practical  application  which  suggests  itself  is  that  of  the  reduction  of  tables,  in 
which  case  one  factor  is  constant.  The  work  might  be  rapidly  performed  by  always 
turning  A  or  B  (as  the  case  might  be)  through  a  constant  distance  from  zero,  the 
pointer  P  having  been  first  set  to  the  other  factor,  to  an  adjustable  stop  when  the 
reading  of  the  driven  roller  gives  at  once  the  required  result. 

Thus  far  the  working  is  only  a  special  case  of  that  of  the  integrator,  viz.,  where  the 
area  is  a  rectangle,  but  with  the  form  of  instrument  for  the  converse  process,  that  is 
with  the  roller  A  screwed  upon  its  axis,  a  new  principle  can  be  brought  into  operation. 
Suppose  the  roller  B  (fig.  22)  to  be  turned  through  a  distance  n,  then  the  roller  A 
will  in  consequence  turn  through  a  certain  distance  m,  but  inasmuch  as  it  forms  a  nut 
upon  the  screw  A  P,  it  will  at  the  same  time  continually  alter  the  position  of  the  pointer 
P,  and  consequently  the  value  of  x,  thereby  changing  the  position  of  the  movable 
centres  Tck,  or  axis  of  rotation  of  the  sphere.  Thus  the  reading  (to)  of  the  index  of  A 
is  a  value  which  is  no  longer  a  simple  product  or  quotient  but  of  a  nature  which  must 
be  investigated. 

Let  0e  6l  be  the  angles  turned  through  by  A  and  B  respectively. 

Let 

l  =  pitch  of  the  screw  AP. 
a  ==  radius  of  roller  A 
b  =  „  „  B. 

x  =  distance  AP. 
k  =  „  AO. 


b(Wl 

add 


tan  a=7 
k 


Then 
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And 


Then  by  integration 


or 


dev= 


al 


2  irbk 


6d0 


<\=  ~  & 
1  47 rkb 


*= 


Thus  suppose  to  and  n  are  the  respective  final  readings  on  the  recording  dials 
connected  with  the  rollers  A  and  B,  the  initial  readings  having  been  zero — suppose 

also  that  the  pitch  of  the  screw  is  such  that  the  constant  quantity  is  equal 

to  unity. 

Then 


to 


—  \/n 


that  is,  by  turning  B  through  a  distance  recorded  on  its  own  dial  as  n,  the  reading  (to) 
on  the  dial  of  A  gives  the  square  root  of  the  former  quantity. 


Fig.  22. 


Fig.  23. 
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Again,  suppose  P  (fig.  23)  to  be  taken  on  the  other  side  of  A.  Then  by  similar 
reasoning  since  now 

held ,  ,  k 

.  =  tan  a=- 

adO  x 


dQV- 


2n rak  dd 


and  by  integration 


hi  6 


ft,  =  ^  log,  ft 


If,  as  before,  m  and  n  are  the  respective  readings  at  the  end  of  the  operation,  and 
the  pitch  of  the  screw  be  such  that 


27 rak 


Then 


^  =  modulus  of  the  Naperian  system  of  logarithms. 
71=  log10  m. 


In  order  to  graduate  the  dials  in  the  latter  application,  since  6  can  never  be  zero  the 
limiting  position  can  never  be  reached  ;  but  when 

m=  1  then  n  =  0. 

therefore  the  dials  of  A  and  B  must  be  adjusted  so  that  these  two  conditions  are 
simultaneously  fulfilled. 

In  this  way  it  is  possible  to  find  the  logarithm  of  a  number  m  to  any  base  by  merely 
turning  the  roller  A  through  that  distance  and  reading  the  dial  of  B. 

There  is  another  mode  of  obtaining  any  root,  which  will  be  easily  understood 
when  it  is  remembered  that  by  using  n  sets  of  spheres  and  rollers,  the  value  of 
(x1  X  3Co  X  Xo  X  .  .  .  x ,)  can  be  obtained.  Make  these  values  of  x  all  equal ;  then  with  n 
frames  xn  is  given.  By  turning  the  last  wheel  through  af,  and  keeping  the  frames  in 
suitable  positions,  the  first  wheel  of  the  series  will  turn  through  a  distance  x. 

Thus,  if  the  last  wheel  be  turned  through  a  distance  N. 

Beading  of  first  wheel  or  roller 

=  m  =  \/N. 

The  application  of  a  mechanism  to  obtain  the  foregoing  results  had  been  previously 
suggested  by  Professor  Moseley  in  a  paper  already  alluded  to  (p.  368),  but  the  foregoing 
investigation  was  made  without  any  knowledge  of  this.  The  modification  of  Professor 
James  Thomson’s  disk-  globe-  and  cylinder-mechanism  (figs.  3  and  4)  may  be  at  once 
applied  to  obtain  similar  results. 


Applications  for  continuous  calculation. 

The  foregoing  applications  are  for  the  purposes  of  obtaining  numerical  results  in 
which  the  mechanism  is  employed,  rather  as  a  discontinuous  than  a  continuous 
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calculator.  The  effects  to  be  obtained  by  using  two  or  more  sets  of  spheres  ancl 
rollers  in  one  or  both  the  primary  ways,  that  is  for  purposes  of  integration  and 
differentiation,  must  now  be  considered. 

First  let  two  sets  of  integrating  mechanism  be  employed.  In  fig.  24  let 


then 


MN  =  a. 

QN  =  b. 

Ax  =  width  of  element  NQ. 

M  =  moment  of  area  of  MN  about  Ox  where  O.x  is  the  trace  of 
the  roller  A  on  the  cylinder. 


Fig.  24. 


Fig.  25. 


Suppose,  now,  that  as  the  pointer  of  the  integrator  travels  along  the  upper  portion 
of  the  curve,  the  wheel  B,  which  in  the  simple  integrator  records  the  area,  now  drives 
another  sphere  which  has  its  frame  kept  so  that  the  value  corresponding  to  y  of  the 

original  proof  is  always  for  that  frame  equal  to  |.  This  result  is  easily  effected  by 

keeping  the  frames  perpendicular  to  each  other,  as  in  fig.  25,  the  axes  being  hl  JcL  and 
/%  respectively,  and  using  suitable  proportions  of  wheels  or  rollers. 

Then  when  the  roller  A  travels  a  small  distance  Ax  at  M  (fig.  24),  the  pointer 
MDCCCLXXXV.  3  E 
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P  describes  upon  the  upper  part  of  the  curve  say  at  M,  a  distance  corresponding  to 
upper  boundary  of  element  of  width  ax.  Then  : 

Reading  of  roller  C=^~y—  Ax. 


Similarly  when  the  pointer  m  traverses  the  lower  boundary  of  the  element  at  N, 

j2 

Reading  of  roller  C=—  —  Ax 

£ 

being  negative  because  the  roller  A  is  now  returning,  and  its  motion  is  reversed. 
Taking  both  results  together 

Reading  for  element  MN=^  +\\  J  Ax 

=a(^  +  bj  Ax 

=  moment  of  area  of  element  MN  about  Ox. 


If  now  the  whole  distance  moved  through  round  the  curve  be  taken  where  y1  and  y3 
represent  respectively  b  and  (a  +  6)  at  any  point  of  the  curve,  then 

Reading  of  C=  [  {yz~yi)^x 
J  xx 

=  moment  of  area  of  whole  curve  about  Ox. 

Fig.  26. 


Secondly,  let  three  sets  of  spheres  and  rollers  be  employed,  as  in  fig.  26,* 
1= moment  of  inertia  of  element  MN  about  0.r3 


*  The  axis  7w,  h'2  should  be  perpendicular  to  its  present  direction  in  the  figure. 
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then 

I  =  yqft3  -f-  Cl  b  ^ 

—  i(«3+  3a25+3ah2). 

Let  now  the  third  frame,  and  consequently  the  axis  of  rotation  of  the  third  sphere, 
be  kept  parallel  to  the  first  and  perpendicular  to  the  second,  as  in  the  former  case, 
with  the  two  sets,  but  let  now  the  units  be  taken  so  that  the  reading  of  the  distance 
of  the  pointer  P3  is 


then  for  the  travel  of  the  wheel  A  over  the  distance  Ox,  i.e.,  the  width  ot  the  element 
of  area,  both  forwards  and  backwards,  the  reading  of  the  recording  wheel  D  of  the 
third  set  is 

_{ct  +  bf  b 3 

“  3  _ 3 

=i(«3+  3cd6+3a&2) 

=  moment  of  inertia  of  element  MN  about  axis  Ox  (fig.  24). 

By  taking,  as  in  the  previous  case, 

Vi=h 

y2=(a+6) 

it  is  found  that  final  reading  of  the  dial  of  D  for  the  whole  travel  of  the  curve 
=  f  (2/a — )3  -H  3  (2/2 — 2/i) 32/i + 3  (2/2  —  2/i  )2/i3 )  ^ 

J  x1 

=if  \y%-y  i)d® 

J  xx 

=  moment  of  inertia  of  whole  area  about  Ox. 

Both  the  foregoing  results  may  be  at  once  proved  in  a  more  general  way,  thus  it  is 
evident  that  the  wheel  B  is  turning  at  the  rate  \d A  where  is  some  constant,  and 

A = area  of  curve, 

then  by  means  of  the  addition  of  the  second  sphere  and  roller  the  product  is  given  as 
with  the  first,  and  C  turns  at  the  rate 

—  kxy{kidjK) 

3  E  2 
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therefore,  if 

So=  reading  of  index  for  travel  of  the  whole  area  of  curve 

r«2 

So  =  £^2  yd  A 

■'«i 

or  with  proper  units 

fX2 

=hh\  {yi—yi)dx 
S3=  moment  of  area  about  Ox. 


With  the  addition  of  the  third  set  of  sphere  and  rollers 

Cx2 

So—  reading  of  index  D z=lc1/cj  Jcsy(dM ) 

J  x1 

=kjcjc,  j  {yi—yi)dx 

J  x. 


=  moment  of  inertia  of  area  about  Ox. 


Fig.  27. 


The  three  dials  of  B,  C,  and  D  may  be  arranged  on  the  parallel  ruler  as  shown  in 
fig.  27,  and  thus  a  compact  and  inexpensive  instrument  formed,  which  wih  give  on 
three  dials  simultaneously  and  without  the  necessity  oj  any  calculation  whatever ^  the 
three  quantities  A,  M,  and  I. 

But  there  are  certain  practical  points  of  particular  interest  in  this  instrument  which 
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are  worthy  of  consideration.  In  the  first  place  its  symmetrical  proportions  and  wide 
range  of  action,  as  shown  by  fig.  27,  are  due  to  the  use  of  the  general  form  of  the 
sphere  and  roller  mechanism,  by  which  the  axis  of  rotation  of  the  sphere  can  be  made 
to  change  across  through  the  centre  of  the  recording  roller  (B),  so  as  to  enable  the 
relative  motion  of  this  roller  and  that  of  the  driving  one  (A)  to  be  reversed,  so  that 
positive  and  negative  values  may  be  obtained. 

Suppose  the  pointer  to  be  on  that  portion  of  the  curve  to  the  right  of  the  line  L  M, 
up  which  the  driving  roller  is  passing  {i.e.,  really  the  axis  of  x) — then  it  has  already 
been  proved  that  the  area  is  integrated  by  the  motion  of  B.  But  when  the  pointer 
passes  the  intersection  of  the  line  L  M  with  the  curve  the  relative  motion  of  A  and  B 
is  reversed ;  this  causes  B  to  turn  in  the  opposite  direction  (unless  the  widest  point  of 
the  area  is  accidentally  reached  at  this  point).  But  the  pointer  is  really  now  travelling 
round  the  opposite  way  on  the  curve  to  the  left  of  L  M,  and  the  dial  of  B  is  therefore 
only  cutting  out  or  subtracting  the  negative  portion  of  the  curve.  When  the  highest 
point  is  readied  then  the  motion  of  the  roller  A  will  be  reversed,  and  thus  along  the 
rest  of  the  curve  to  the  left  (since  the  pointer  is  still  to  the  left  of  L  M)  the  motion  of 
the  index  of  B  is  positive,  i.e.,  the  area  is  continuously  integrated. 

Thus  as  far  as  the  integration  of  areas  is  concerned  it  is  absolutely  immaterial  how 
the  parallel  ruler  or  rolling  integrator  is  applied  to  the  paper,  or  along  what  line  the 
roller  A  runs,  whether  within  or  without  the  curve. 

Coming  now  to  the  moment  of  an  area  it  is  evident  that  the  position  of  the 
line  L  M  has  everything  to  do  with  the  result,  but  it  is  clear  that  mathematically 
there  is  an  essential  difference  between  this  and  the  first  case,  for  now  a  negative 
value  of  y  does  not  as  in  the  first  case  give  a  negative  result — from  the  equation 

1Sl=\^y9/dx 

and  on  examination  it  is  found  that  the  index  of  the  wheel  or  roller  C  which  records 
this  result  always  moves  in  the  opposite  direction  to  the  index  of  B  when  y  is  negative. 
Lastly  the  equation  for  moment  of  inertia 

lz=z^yHx 

shows  that  in  this  case  where  y  is  negative  the  value  of  I  is  recorded  in  the  same  way 
as  the  area.  It  will  be  seen  that  the  mechanism  always  effects  this  result,  without 
adjustment  or  correction  by  the  very  principle  of  its  actiou,  and  adds  the  moment  of 
inertia  for  both  sides  of  the  line. 

This  peculiar  relation  between  A,  M  and  I,  though  evident  upon  a  consideration  of 
what  these  quantities  mean  in  practical  mechanics  is  thus  clearly  brought  out. 

There  is  no  reason  (in  theory)  why  the  number  of  spheres  should  be  limited  to 
three  or  the  frames  kept  parallel  or  perpendicular  to  each  other.  Thus  it  is  possible 
to  obtain  the  integration  of 
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j*F1(a:)Fa(a;)  ....  F n{x)dx 

where  n  is  the  number  of  sphere  and  roller  mechanisms,  each  frame  being  made  to 
assume  a  position  depending  on  the  respective  function  with  which  it  deals. 

The  volumes  of  solids  of  revolution  can  be  obtained  (with  two  sets)  by  merely 
passing  the  roller  A  in  direction  of  the  axis  of  x,  and  keeping  the  pointer  P  on 
the  surface,  so  that  at  all  times 

y—  radius  of  circle  of  revolution. 

Then 

volume = 7 t  y~dx 


and 


Also  with  ruled  surfaces  the  pointer  of  1st  set  is  kept  on  one  surface,  so  that 

?/(  =  one  ordinate  =  y=<5k(:r) 
y»=  the  other =z=\jj(x) 

Reading  of  index  of  C  = 

=  volume  —  ((/>  (x)\jj(x)dx 


Again,  in  the  integration  of  trigonometrical  functions,  which  are  of  great  importance 
in  naval  architecture,  it  is  only  necessary  to  keep  the  pointer  of  the  index  wrhich 
is  attached  to  the  movable  frame,  and  so  controls  the  axis  of  rotation  at  the  angle,  the 
trigonometrical  ratio  of  which  is  a  function  of  x,  as  for  instance,  in  the  equation 

y  =  |  tan  a  dx 

which  gives  the  area  of  a  curve  in  which 

cl—  angle  of  heel  of  vessel 
x—  corresponding  ordinate. 


All  the  ratios  could  be  in  this  way  easily  dealt  with. 

The  converse  application  of  the  sphere  and  roller  mechanism  will  easily  be  under¬ 
stood,  as  the  principle  has  already  been  fully  dealt  with  in  the  case  of  the  disk 
and  roller,  though  only  the  one  example  of  the  speed  indicator  has  yet  been 

ds 

suggested — in  this  case  the  position  of  the  pointer  indicates  v= 

Suppose,  however,  that  a  single  sphere  and  roller  arranged  for  the  purpose  be 
applied  to  a  single  integrating  mechanism  which  is  giving  the  work  done  in  a  steam 


CONTINUOUS  CALCULATING  MACHINES. 


395 


engine  as  already  described  (p.  368).  The  recording  wheel  of  the  latter  is  turning  at 
a  rate  =ydx,  where,  if  W  be  the  measure  of  the  work  done, 

ydx=dW 

Therefore  if  this  wheel  or  roller  actuate  the  former  single  sphere,  the  pointer  of  the 
movable  frame  of  that  set  of  sphere  and  rollers  indicates  the  result 


In  suitable  units 


rate  of  working. 


—  indicated  HP. 


By  causing  the  pointer  in  its  motion  to  work  the  driving  wheel  of  a  second  sphere 
whilst  a  clock  drives  the  screw,  the  pointer  indicates  the  ratio  =  a. 

Where 


dh 
dt 2 


=  acceleration,  or  rate  of  change  of  velocity. 


So  in  theory  any  order  of  differential  coefficient 
number  of  sets  of  spheres  and  rollers  used. 


may  be  obtained,  n  being  the 


Eig.  28. 


For  integrating  the  volume  of  any  irregular  solid  the  following  approximate  method 
may  be  suggested.  Let  A  C  B,  fig.  28,  be  the  section  of  the  solid  by  the  coordinate 
plane  parallel  to  which  the  ordinates  (y)  are  measured.  Let  It  Q  be  a  screw  the  axis 
of  which  coincides  with  the  axis  of  x.  Suppose  the  pointer  P  to  be  passed  round  the 
solid  in  planes  perpendicular  to  the  above  plane  and  at  the  same  time  carried  along 
by  the  screw  It  Q — P  making  one  revolution  round  the  solid  for  one  turn  of  P  Q — 
then  the  final  result  of  record  of  the  index  of  roller 
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Let 


Then  approximately 


n  =  number  of  revolutions  of  RQ 
l  =  pitch  of  its  screw 


Volume  of  solid  —  nl\vd:. 


By  making  l  very  small  the  result  may  be  made  to  approach  the  true  value  as 
nearly  as  desired. 

The  operation 

|  y)dydx 


may,  however  (in  theory),  be  performed  in  the  following  way. 


Fig.  29. 


Let  A  C  B,  fig.  29,  be  as  before  the  section  of  any  solid.  Then  to  find  its  volume 
the  foregoing  expression  would  (if  possible)  first  be  integrated  with  respect  to  y,  and  an 
expression  of  the  form  Volume = j\jj(x)dx  obtained.  The  expression  i fj(x)  may  be  called 
the  ordinate  of  a  curve  of  areas  which  may  be  represented  by  A  D  B  E,  the  ordinate 
D  E  —y—fx)  at  any  point  of  which  gives  the  numerical  value  of  the  area  for  that 
value  of  the  abscissa  x.  By  passing  the  pointer  of  the  simple  integrator  over  the 
curve  ADBE,  the  volume  of  the  solid  is  given  at  once. 

To  apply  this  reasoning  to  effect  a  mechanical  solution,  the  pointer  of  a  simple 
integrator  must  be  passed  with  sufficient  rapidity  round  the  solid  as  it  moves  along 

dA 

the  axis  of  x,  so  that  the  differential  coefficient  -  =  average  areas  can  be  obtained, 

dt  & 

this  gives  at  any  instant  the  ordinate  (D  E),  which  can  be  used  as  above  stated  by 
means  of  a  suitable  mechanism. 
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Investigation  of  work  lost  in  friction. 

The  work  lost  in  friction  in  the  sphere  ancl  roller  mechanism  occurs  partly  in  rolling 
contact  and  partly  upon  the  axles,  which  will  be  here  investigated,  is  that  upon  the 
axles  of  the  movable  frame.  There  are  two  kinds  of  effect  and  two  only  upon  these, 
viz.,  direct  pressure  upon  the  bearings  and  twisting  of  the  plane  of  rotation.  The 
combined  effect  of  these  results  in 

(1.)  A  direct  pressure  on  the  bearings, 

(2.)  End  pressure  resulting,  according  to  the  construction,  in  either  pivot  or  collar 
friction. 

Let 

L=  work  lost  in  one  revolution  of  the  sphere 
N=  number  of  revolutions  of  rollers  for  one  revolution  of  sphere 
Wj  =  pressure  on  bearings  (direct) 

W2=  pressure  on  pivot  or  collar  (end) 

<jf>=  coefficient  of  friction 
R=  radius  of  sphere 
r—  radius  of  rollers 
p=  radius  of  axles  of  rollers 
n=  number  of  rollers  in  movable  frame. 

Then 

L=Lj+L3 

where 

Lx=  work  lost  in  direct  friction  by  direct  pressure  on  bearing 
=  27rpNW1  sin  (f> 

Lo=  work  lost  in  pivot  friction 
=  f  7rpN W2  tan  <£ 

L=27TpN  sin 

Then  it  is  required  to  find  an  expression  from  which  N  is  eliminated  and  Wx,  W2 
expressed  in  terms  of  the  force  to  be  transmitted. 

Let  figs.  30  and  31  be  respectively  a  plan  and  elevation  showing  diagrammatic 
views  of  sphere  G  with  rollers  A  A/  B  B/5  in  contact  respectively  at  points  a  a  b  b'. 
Let 

P  =  force  to  be  transmitted  acting  on  periphery  of  driving 
roller  (generally  taken  as  A  in  the  figures). 

Q  =  reaction  of  the  driver  wheel  (B). 
a  =  angle  of  vertical  diametral  plane  to  plane  of  rollers  B. 
kJc  being  axis  of  rotation  of  the  sphere  (fig.  30). 

MDCCCLXXXV.  3  F 
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Then  must 

Q  =  P^  =  Pcota 

otherwise  the  motion  will  be  accelerated. 

Then,  since  the  component  of  force  applied  on  wheel  A  normal  to  the  surface,  in 
direction  of  arrow  a,  necessary  to  maintain  adhesion,  is  balanced  by  the  reaction  at  a, 
and  also  that  at  B  by  the  reaction  b',  the  effect  of  the  two  forces  P  and  Q  is  the 
same  as  two  forces  at  the  axis  of  the  sphere  and  two  couples  about  the  axis.  The 
forces  act  respectively  at  p  and  q  (fig  30).  The  couples  P Xap  and  — Q Xbq.  Their 
combined  effect  is 

M=J).ap  —  Q.bq=P(ap  —  cot  a.bq) 

but 

ap=R  cos  a 
bq  =  H  sin  a 

Resultant  couple  about  axis 

=  P(  Et  cos  a —  R  cot  a  sin  a) 

=  0. 

Therefore  the  only  effect  is  that  due  to  parallel  forces  P  and  Q  acting  perpendicular 
to  the  axis  at  the  points  p  and  q.  The  effect  of  these  is  equivalent  to  the  couples 
(P.op+Q.og)  acting  in  the  vertical  plane  of  the  axis,  and  the  force  (P  — Q)  acting  at 
the  centre  of  the  sphere. 

Figs.  30  and  31. 


In  fig.  31  let 

y  =  angle  of  plane  of  rotation  of  the  rollers  with  a  vertical  plane. 

Then  supposing  the  rollers  to  be  symmetrically  distributed. 

(1.)  Vertical  force  on  point  of  contact  of  each 

P-Q 

2 

_P(l-cot«) 

2 
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This  may  be  resolved  into 
P(1  —  cot «) 


s=- 


P(1  —  cot «) 


(2.)  The  couple 


cos  y=  direct  pressure  on  bearings 

sin  y=  force  tending  to  twist  the  plane  of  rotation. 

=  P.op  +  Q.og' 

=  P (op-\-oq  cot  a) 

=  Pft(sin  a+  cot  a  cos  a) 

sin2  a  4-  cos3  gO 


=  PR 

PR 


Sill  « 


Sill  U 


This  acts  on  the  rim  of  the  rollers,  and  if  they  were  four  in  number  would  produce 
the  effect  upon  each  rim 


„  PR  1 
To —  .  X™ 
sin  a.  2R 

P 


2  sin  a. 


Summing,  now,  the  total  twist 

Ti  +  T2=f{g^+(1-cot  a)  sin  y | 

Let  cl  =■  half  the  length  of  roller  axis — that  is  distance  between  centres  of  pressure 
on  either  side  of  roller. 

Then  the  result  of  this  twist  is 
Direct  pressure  on  pivot  or  collar 

+(1 —  cot  a)  sin  yl 
2  j_sm  a  x  J 


Pressure  on  bearing 
Finally,  since 
and 


P  C  1 

- - b(l—  cot  a)  sin  y 

2  [  sin  a  v  '  ' 


,T  277-R  cos  y  R 

JN  =  — t -  =  -  cos  y 

lirr  r  ' 


w,=? 


{(1  —  cot  a)  cos  y]  -|- 


p  r  i 

W2= Ul  ~ —  +  (1  —  cot  a)  sin  y 
2  [sm  a  x  /  / 

L=2^N  sin  4,(y?l+i^L 


{ - - 1- ( l  —  cot  a)  sin y\~. 

[  sm  a  v  '  '  \  d 


—  2wpN  sin  (j)-  ( {(1—  cot  a)  cosy]  +  -  +  (l  —  cot  a)  sin  y 


4- 


3  cos  p\ 


(  -  - — 1-(1  —  cot  a)  sin  y  j  j 
ysm  a  )  \ 
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Differentiating  with  respect  to  y  and  equating  to  zero  gives  the  best  angle  for  y, 
therefore 

T 

tany=  £+§  cos  </> 
once  applied  in  practice. 

y=45°. 

tan  y—  1 
(f)=5° 

cos  (f>=  '996. 

]l=l  (nearly). 

Power  Form. 

Figs.  32,  33,  and  34  show  three  views  of  the  “power  form”  of  sphere  and  roller 
mechanism,  which  has  been  constructed  to  test  the  actual  power  transmitted.  In  this 
form  an  important  modification,  due  to  the  author’s  brother,  Mr.  Edward  Shaw, 
Whitworth  Scholar,  Stud.  Inst.  C.E.,  has  been  introduced.  It  was  mentioned  that 
there  was  no  necessity  for  the  planes  of  rotation  of  the  bearings  to  contain  the  centres 
of  the  sphere  so  long  as  their  axes  all  passed  through  its  axis  of  rotation.  It  is, 
therefore,  possible  instead  of  merely  having  sharp-edged  disks  to  act  as  roller  bearings 
(as  in  figs.  20  and  21)  to  have  conical  rollers.  The  elastic  spherical  surface  yields  to 
the  very  slight  extent  necessary  to  allow  the  flat  edge  of  these  rollers  to  form  a 
straight  line  (instead  of  a  point)  of  rolling  contact  passing  through  the  apex  of  either 
of  the  cones,  the  fustra  of  which  are  shown  in  fig.  32.  Every  part  of  such  a  cone 
therefore ,  rolls  upon  the  sphere.  The  action  of  these  cones,  which  have  a  number  of 
fine  grooves  round  their  peripheries,  is  even  better  than  was  anticipated.  There  are 
various  points  about  this  design  which  might  be  noticed.  One  is  the  construction  of 
the  frame  F  (fig.  34),  which  allows  the  pressure  put  upon  the  centres  to  close  in  its  two 
sides  and  so  maintain  the  requisite  pressure  on  the  sphere  by  means  of  the  locked  centre 
screw  (H)  without  the  use  of  expensive  arrangements  for  springs,  which  were  employed 
in  the  movable  frame  of  the  second  integrating  machine.  The  frame,  though  ribbed  and 
otherwise  rigid,  is  of  smaller  cross-section  at  h  h  (fig.  34)  to  allow  this  springing  in  or 
out  to  take  place.  The  convenient  nature  of  the  supporting  bracket  or  frame,  which 
is  self-contained,  and  which  can  be  placed  anywhere  or  in  any  position,  is  evident, 
and  also  the  important  point  of  its  general  simplicity  of  construction. 

It  will  be  seen  from  the  previous  investigation  that  the  loss  of  work  in  the  trans- 


which  result  can  be  at 
In  the  model  made 

Then 

This  gives 
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mission  of  power  is  small  and  easily  calculated,  and,  moreover,  may  be  reduced  by 
increasing  the  value  of  N,  and  therefore  reducing  both  p  and  P.  Practical  defects 
from  any  possible  yielding  of  the  sphere  from  the  effect  of  the  last  of  these  three 
quantities,  viz.,  P,  which  cannot  well  be  made  a  matter  of  calculation,  are  thus  reduced 
to  any  required  extent.  If  the  mechanism  should  prove  to  be  durable,  there  is,  apart 
from  the  purely  mathematical  objects  which  necessitate  accurate  working,  and  which 
led  to  its  discovery,  no  apparent  limit  to  its  practical  applications.  It  could  replace 
combinations  of  wheel-work  for  such  purposes  as  are  required  in  cotton-spinning  or 


Figs.  32,  33,  and  34. 


textile  machinery,  small  lathes,  electric,  and  other  machines  where  rapid  change  of 
velocity  ratio  is  required,  and  absolute  accuracy  is  not  essential. 

The  thanks  of  the  author  are  due  to  his  friends  Mr.  Edward  Buck,  M.A.,  and 
Mi.  C.  D.  Selman,  of  whose  valuable  opinions  he  has  been  glad  to  avail  himself  in 
seveial  points  in  the  paper.  Also  to  his  brother,  Mr.  Edward  Shaw  and  to  Mr. 
Charles  Bullock,  B.A.,  for  the  great  skill  they  have  shown  in  constructing  the 
second  foim  of  Integrator  and  the  “power”  mechanism,  and  for  the  assistance  of  the 
former  in  the  preparation  of  the  drawings. 
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Note. 

(Added  February  4,  1886.) 

Some  months  after  the  foregoing  paper  was  communicated  the  author  happened  to 
read  a  letter,  written  Nov.  5,  1881,  by  M.  Ventosa,  of  Madrid,  and  published  in 
‘Nature’  (Nov,  24),  in  which  the  writer  describes  a  proposed  method  of  obtaining 
the  N.,  S.,  E.,  and  W.  components  of  the  wind.  The  method  was  briefly  this.  A 
sphere  resting  at  one  pole  on  a  point  in  the  periphery  of  a  roller  or  disk,  and  in 
frictional  contact  at  four  points  of  its  equator  with  four  other  rollers  or  disks,  would 
(the  planes  of  all  the  rollers  being  vertical)  freely  revolve  upon  the  turning  of  the 
bottom  roller.  If  the  plane  of  the  latter  were  always  kept  parallel  with  the  direction 
of  the  wind,  and  it  were  turned  at  a  rate  proportional  to  the  wind  velocity,  and  at 
the  same  time  the  planes  of  the  four  others  were  placed  in  pairs  respectively  N.  and  S., 
E.  and  W.,  the  latter  would  record  the  four  corresponding  components  of  the  wind. 
M.  Ventosa  was  led  to  this  idea  in  1878,  after  reading  an  account  of  Von  Oettingex’s 
Integrating  Anemometer,  by  the  endeavour  to  obviate  the  sliding  friction  of  that 
instrument.  The  arrangement  he  suggests  is  per  se  incapable  of  performing  other 
mathematical  operations  than  simple  addition,  and,  in  fact,  is  only  one  of  the  two 
necessary  but  distinct  features  of  the  author’s  mechanism  mentioned  in  the  abstract 
of  the  above  paper  (Proc.  Royal  Society,  1884,  p.  191).  M.  Ventosa,  liowTever,  in  his 
letter,  truly  says  of  his  proposal,  “  Cette  transmission  se  fait  ici  par  roulement  sans 
glissement  ”  (the  italics  are  his  own),  and  he  must  be  regarded  as  having,  prior  to  the 
author,  suggested  the  use  of  a  sphere  and  rollers  for  effecting  a  change  in  the  axis  of 
rotation  of  the  sphere  without  necessitating  other  than  rolling  contact. — H.  S.  H.  S. 
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[Plates  40-45.] 

In  the  course  of  a  search  for  fossil  sponges  in  the  lower  cretaceous  deposits  of  the 
South  of  England,  I  have  noticed  the  occurrence  at  different  horizons  of  beds  of  rock, 
of  not  inconsiderable  thickness,  composed  to  a  large  extent  of  the  spicular  remains  of 
sponges.  The  strata  in  which  these  remains  occur  are  well  known,  and  they  have 
been  described  in  numerous  papers  from  the  date  of  Dr.  Fitton’s  celebrated  memoir  of 
“  The  Strata  between  the  Chalk  and  Oxford  Oolite,”  in  1827,  to  the  present  time,  but 
owing  probably  to  the  microscopic  dimensions  of  the  remains,  and  the  various  changes 
in  their  fossilisation  which  have  oftentimes  rendered  them  unrecognisable  to  ordinary 
observation,  the#  organic  character  of  the  strata  has  been  seldom  recognised,  and  only 
in  one  or  two  cases  have  their  contents  been  noticed  in  detail.  The  beds  have 
usually  been  regarded  as  deposits  of  sandstone,  chert,  or  siliceo-calcareous  materials  of 
an  inorganic  nature ;  but  though  in  most  cases  they  contain  a  varying  amount  of 
mechanically  derived  materials,  yet  the  sponge-remains,  and  the  siliceous  deposits 
derived  from  their  solution,  constitute  such  an  important  part  of  their  volume  as  to 
entitle  the  beds  to  be  classed  as  of  organic  origin,  in  the  same  sense  as,  for  example, 
the  upper  chalk  of  this  country.  In  nearly  all  the  outcrops  of  the  lower  and  upper 
greensand  of  the  south  and  south-west  of  England  these  sponge-beds  are  exposed, 
differing,  however,  considerably  in  their  development,  in  the  nature  of  the  sponge- 
remains,  and  in  their  condition  of  fossilisation  in  different  areas,  and  it  is  my  purpose 
m  this  paper  to  treat  (I.),  of  the  general  characters  of  the  beds  in  the  various  localities  ; 
(II.),  of  the  mineral  condition  of  the  sponge-remains  and  of  the  beds  derived  from 
them ;  and  (III.),  of  the  nature  of  the  sponges  present  in  the  deposits. 

I  may  premise  that  the  sponge-beds  to  be  referred  to,  do  not,  with  one  or  two 
exceptions,  consist  of  the  skeletons  of  these  organisms  in  a  complete  or  partially 
complete  condition  ;  but  they  are  made  up  of  innumerable  multitudes  of  the  detached, 
minute,  microscopic  spicules  of  which  the  skeletons  are  composed.  The  deposits 
appear  to  have  been  produced  by  the  disintegration  of  the  skeletons  of  numerous 
generations  of  sponges,  which  have  successively  lived  and  died  in  the  same  areas  in 

*  Mr.  J.  Arthur  Phillips  mentions  the  presence  of  numerous  fossils,  particularly  sponge-spicules, 
in  cherts  of  lower  greensand  age.  “  On  the  Constitution  and  History  of  Grits  and  Sandstones,”  Quart. 
Journ.  Geol.  Soc.,  vol.  xxxvii.,  1881,  p.  16. 
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which  the  deposits  occur.  On  the  death  of  the  animal,  the  soft  tissues  by  which  its 
skeleton  was  held  together  would  rapidly  decay,  and  its  individual  particles  would 
thus  become  detached  from  each  other  and  scattered  over  the  surface  of  the  sea- 
bottom.  As  a  result  of  this,  the  fossil  sponge-beds  consist  of  a  heterogeneous  mixture 
of  the  skeletal  spicules  of  various  kinds  of  sponges.  Under  exceptionally  favourable 
conditions  of  preservation  the  minute  spicules  are  now  met  with  in  a  loose,  detached 
condition,  not  unlike  that  in  which  they  may  be  supposed  to  have  been  present  at  the 
sea-bottom  soon  after  the  death  of  the  animal,  but,  as  a  general  rule,  they  are  now 
amalgamated  with  the  inorganic  materials  of  the  deposits  into  hard  beds  of  rock,  and 
they  have  suffered  partial  or  complete  solution  and  replacement  by  calcite,  glauconite, 
and  iron-peroxide. 

I.  The  general  Characters  of  the  Sponge-Beds  in  different  Localities. 

It  is  generally  known  that  the  principal  outcrops  of  the  lower  and  upper  greensand 
occur  round  the  borders  of  the  Wealden  area  in  the  counties  of  Surrey,  Kent,  Sussex, 
and  Hampshire.  Both  divisions  are  well  represented  in  the  Isle  of  Wight,  and, 
farther  westward,  the  upper  greensand  is  exposed  in  Dorsetshire,  Wiltshire,  Somer¬ 
setshire,  and  Devonshire.  I  propose  first  to  refer  to  the  sponge-beds  of  the  lower 
greensand,  and  to  begin  with  those  on  the  north-western  margin  of  the  Weald,  in  the 
county  of  Surrey. 

Haslemere. — In  the  mostly  unconsolidated  sands  of  the  district  round  this  town  the 
sponge-beds  occur  as  thin  layers  of  porous  siliceous  rock  of  a  grayish  or  yellowish  tint. 
The  beds  are  from  one  to  three  inches  ('025  to  '075  m.)  in  thickness.  Their  exposed 
surfaces  are  usually  rough  and  harsh  to  the  touch  and  uneven.  When  somewhat 
weathered  the  surfaces  of  the  beds  exhibit  an  agglomeration  of  sponge-spicules,  which 
are  thickly  intermingled  together,  without  arrangement  of  any  kind.  The  spicules 
are  cemented  together  by  siliceous  material,  but  the  cement  is  in  small  proportion  to 
the  mass  of  spicules.  The  spicules  are  less  clearly  shown  in  the  interior  of  the  beds 
where  they  are  concealed  by  the  matrix,  but  it  is  evident  from  exposed  fractured 
surfaces  that  the  beds  throughout  are  similarly  composed  of  masses  of  spicules  resem¬ 
bling  those  shown  on  their  upper  sui'faces,  and  that  there  is  but  a  slight  admixture 
of  the  quartz-sand  grains  which  compose  the  strata  inclosing  the  sponge-beds.  In  a 
sand-pit  a  short  distance  to  the  north-west  of  Haslemere,  a  sponge-bed  occurs  in  an 
unconsolidated  condition,  and  the  sponge-spicules  are  disseminated  loosely  in  the  sand, 
perfectly  free  from  each  other.  This  bed  afforded  abundant  material  for  the  study  of 
the  spicules,  which  are  now  partly  in  the  state  of  chalcedony  and  partly  of  crystalline 
quartz.  It  is  a  curious  circumstance  that  though  loose  in  the  bed,  many  of  the  larger 
spicules  have  been  evenly  fractured  in  three  or  four  places,  and  the  fractured  portions 
have  been  re-cemented  together,  sometimes  with  a  slight  lateral  displacement 
(Plate  42,  figs.  6a,  b). 
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The  sponge-spicules  present  in  these  beds  are  exclusively  those  of  siliceous  sponges, 
and  the  large  majority  are  acerate  and  trifid  forms  belonging  to  the  Tetractinellidae 
with  a  few  of  lithistid  and  hexactinellid  type. 

The  exposed  sections  of  the  lower  greensand  round  Haslemere  are  insufficient  to 
determine  the  extent  to  which  the  sponge-beds  are  developed  in  it,  but  fragments  of 
the  beds  are  shown  at  or  near  the  surface  over  a  considerable  district,  and  they  cover 
the  surface  of  Hindhead  and  some  of  the  adjoining  hills.  On  the  slopes  of  one  of  the 
1  fills  the  sponge-beds  are  extensively  worked  for  road  materials.  The  sandy  strata  in 
which  they  occur  have  been  mapped  by  the  Geological  Survey  as  belonging  to  the 
lower  or  Hythe  division  of  the  lower  greensand,  which  is  estimated  by  Mr.  Topley  * 
to  attain  a  thickness  of  about  300  feet  in  this  district.  With  one  or  two  exceptions 
the  sponge -beds  in  the  lower  greensand  are  limited  to  the  lower  division  of  it. 

In  a  roadside  cutting,  about  half-way  between  Haslemere  and  Godaiming,  sponge- 
beds  are  exposed  in  the  form  of  layers  of  siliceous  and  cherty  rock  which,  as  presenting 
a  very  common  type  of  fossil  sponge- beds,  may  be  mentioned  in  detail.  The  beds  in 
question  consist  of  a  central  layer  of  light  or  dark  translucent  chert  with  an  upper 
and  under  layer  of  yellowish,  porous  siliceous  rock.  The  upper  and  under  crust  of 
rock  varies  from  half  an  inch  to  two  inches  in  thickness  ('012  to  '05  m.),  whilst  the 
central  layer  of  chert  is  usually  of  greater  thickness  ;  the  boundary  between  the  chert 
and  the  outer  crust  is  uneven  and  irregular,  and  the  one  kind  of  rock  gradually  passes 
into  the  other.  The  outer  porous  crust  consists  of  a  matrix  of  translucent  chalcedonic 
silica,  with,  at  times,  an  admixture  of  quartz-sand  and  glauconite  grains.  This  matrix 
is  filled  with  minute  cylindrical  or  fusiform  cavities  which  are  the  empty  moulds  of 
sponge-spicules.  In  the  centre  of  these  cavities  there  extends  occasionally  an  elongated, 
very  slender,  cylindrical  siliceous  rod,  which  is  really  the  solidified  infilling  of  the 
canal  of  the  spicule.  Thus,  by  a  peculiar  sequence  of  conditions,  the  spicules  in  this 
portion  of  the  rock  have  been  first  imbedded  in  a  siliceous  matrix,  then  their  hollow 
canals  have  been  filled  with  silica,  and  finally  the  spicules  themselves  have  been  com¬ 
pletely  dissolved  away,  leaving  only  the  casts  of  their  outer  form  and  their  solidified 
canals.  In  the  central  layer  of  massive  chert,  on  the  other  hand,  very  frequently  the 
spicules  have  disappeared  ;  but  that  it  was  equally  as  filled  with  spicules  as  the  porous 
crust  is  shown  by  the  fact  that  in  microscopic  sections  faint  shadowy  outlines  of  the 
spicules  can  be  detected,  and  the  solidified  canals  are  distinguishable  even  when  other 
traces  of  the  spicules  are  wanting.  The  silica  derived  from  the  solution  of  the  spicules 
of  the  outer  crust  appears,  in  part  at  least,  to  have  been  re-deposited  in  the  central 
layer  in  the  form  of  chalcedonic  chert,  and  the  spicules  of  this  layer  have  been  thus 
enveloped  by  the  cherty  matrix.  As  the  refractive  index  of  the  spicules  and  of  the 
matrix  is  similar,  the  shadowy  appearance  of  their  outlines  can  be  accounted  for.  In 
some  instances  there  are  empty  spicular  cavities  in  the  chert  itself,  as  well  as  in  the 
outer  crust. 

“The  Geology  of  the  Weald.”  ‘Memoirs  of  the  Geological  Survey  of  England  and  Wales,’  1875, 

p.  124. 
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Though  sponge-beds  are  abundant  in  the  Haslemei’e  district  I  have  not  met  with  a 
single  specimen  of  an  entire  fossil  sponge.  The  chert  beds  have  been  described  by 
Dr.  Fittojsi,'"  but  their  organic  nature  does  not  appear  to  have  been  noticed. 

Midhurst  and  Petworth,  Sussex. — In  the  lower  greensand  strata  on  the  southern 
side  of  the  Wealden  anticlinal,  about  two  and  a  half  miles  north  of  Midhurst,  there 
are  exposed  several  beds  of  hard  siliceous  rock,  from  eight  inches  to  three  feet  in 
thickness  (’2  to  '9  in.),  of  a  nearly  similar  character  to  the  sponge-beds  near  Haslemere. 
The  rock  is  of  a  yellowish  tint,  harsh  to  the  touch  and  filled  with  minute  cavities. 
The  weathered,  broken-up  fragments  which  are  plentifully  distributed  over  the  fields, 
clearly  show  that  the  beds  consist  of  an  aggregate  of  spicules  resembling  those  in  the 
Haslemere  beds.  Nearer  Midhurst,  and  at  a  higher  horizon,  beds  of  porous  siliceous 
rock,  exhibiting  numerous  empty  casts  of  spicules,  are  largely  quarried  for  road 
materials.  These  beds  consist  partly  also  of  sand  grains  which  have  been  cemented 
together  by  the  silica  derived  from  the  solution  of  the  sponge-spicules,  but  the  spicular 
casts  are  sufficiently  numerous  to  show  that  sponges  must  have  been  very  abundant. 
At  Midhurst  itself  there  are  beds  similarly  filled  with  spicular  casts  and  containing  also 
glauconite  grains  which  are  cemented  by  a  hard  siliceous  material.  These  beds  are 
still  higher  in  the  series,  and  thus  the  presence  of  sponge-beds  is  shown  throughout 
the  lower  or  Hythe  division  of  the  lower  greensand  in  this  area. 

Near  Petworth,  about  five  miles  east  of  Midhurst,  sponge-beds  from  four  to  seven 
inches  in  thickness  ('1  to  ‘17  m.),  are  largely  quarried  for  road  material.  The  beds 
consist  of  an  outer  crust  of  porous  siliceous  rock  with  a  central  layer  of  very  hard  and 
brittle  chert ;  which,  according  to  Mr.  Topley,!  bears  the  local  name  of  whinstone. 
The  chert  is  filled  with  spicules,  though  they  are  only  faintly  shown.  Both  the 
spicules  and  the  matrix  exhibit,  under  crossed  nicols,  similar  brilliant  prismatic  tints, 
indicating  that  their  component  silica  is  now  approximately  crystalline. 

Godaiming,  Surrey. — On  the  surfaces  of  the  fields  on  the  summit  of  the  plateau 
near  this  town  there  are  frequently  present  small  flat  slabs  or  masses  of  hard,  porous, 
siliceous  rock,  from  three-quarters  of  an  inch  to  four  inches  in  thickness.  The  character 
of  the  rock  resembles  that  of  the  sponge-beds  of  Haslemere,  but  the  spicules  have 
suffered  greater  alteration,  and  they  do  not  weather  out  so  clearly.  They  can,  however, 
be  recognised,  not  only  in  casts,  but  also  as  delicate  white  threads  intercrossing  each 
other  on  the  weathered  surfaces  of  the  beds.  Quartz-sand  grains,  and  in  some  instances 
a  reddish  ferruginous  material,  are  also  included  in  the  same  siliceous  cement  with  the 
spicules.  These  rock  slabs  are  evidently  portions  of  a  continuous  sponge-bed  which 
have  remained  after  the  removal  of  the  loose,  incoherent  sands  which  constitute  the 
principal  part  of  the  strata  immediately  beneath  the  surface  in  this  locality. 

Tilhurstow  Hill. — To  the  south  of  the  village  of  Godstone,  Surrey,  the  beds  of  the 
Hythe  division  of  the  lower  greensand  are  well  exposed  on  the  north  slopes  of  the 

*  “  Strata  below  the  Chalk.”  Trans.  Geol.  Soc.,  ser.  2,  vol.  iv.,  p.  147. 

t  “  Geology  of  the  Weald,”  p.  125. 
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ridge  known  as  Tilburstow  Hill.  They  are  here  largely  worked  for  road  material, 
and,  as  we  have  already  seen  elsewhere,  they  consist  principally  of  the  debris  of 
fossil  sponges.  To  reach  the  hard  beds  in  the  quarries  now  opened  it  is  necessary 
to  remove  the  overlying  beds  of  loam,  fuller’s  earth,  and  dark-green  calcareous  rock, 
belonging  to  the  Sandgate  division,  which  are  about  thirty-eight  feet  in  thickness. 
Beneath  these  are  beds  of  siliceous  and  cherty  rock,  with  thin  intermediate  layers  of 
sandstone,  with  glauconite  grains  and  a  bed  of  limestone,  in  all  about  eleven  feet  in 
thickness  (3 '3  m.),  which  are  so  filled  with  spicular  remains  that  they  may  be  regarded 
as  a  series  of  sponge-beds.  The  chert  occurs  in  layers,  from  12  to  14  inches  in  thick¬ 
ness  ('3  to  ‘35  m.),  of  a  lenticular  form,  and  it  passes  upwards  and  downwards  into  the 
white  porous  siliceous  rock  which  has  been  already  described  as  forming  an  outer  crust 
to  it.  The  sponge-spicules  are  shown  in  faint  outline  in  thin  microscopic  sections  of 
the  chert,  and  the  spicular  canals,  which  have  been  infilled  with  glauconite,  are  very 
distinct.  The  siliceous  matrix  inclosing  the  spicules  appears  to  have  been  partly 
deposited  in  a  globular  form  ;  it  is  now  either  in  the  condition  of  chalcedony  or 
of  crystalline  quartz. 

The  porous  siliceous  rock  in  these  sponge-beds  is  more  developed  than  the  chert  ; 
there  is  one  layer  of  it  three  feet  in  thickness.  Spicular  casts  are  not  clearly  shown 
in  it,  but  the  silica  is  of  the  same  character  as  that  in  which  the  moulds  of  spicules 
are  well  preserved,  and  it  also  passes  into  true  chert. 

The  thin  intermediate  beds  of  quartz-sand,  and  glauconite  grains,  also  contain 
sponge-spicules  or  their  casts,  and  thus  indicate  a  continuous  succession  of  sponge-life 
during  their  deposition. 

Besides  the  chert  and  the  porous  siliceous  rock,  there  is  in  this  series  a  bed  of 
compact  grayish-blue  limestone,  exceedingly  hard  and  tough,  filled  with  sponge- 
spicules  which  are  now  of  calcite.  This  bed  is  from  12  to  14  inches  in  thickness 
('3  to  '35  m.).  A  thin  microscopic  section  shows  numerous  spicules  imbedded 
in  a  matrix  of  granular  calcite  (Plate  40,  fig.  4).  The  spicules  are  nearly  entirelv 
composed  of  clear,  crystalline  calcite,  but  some  are  of  silica  ;  and  in  many  the  canals 
are  preserved.  Their  forms  and  dimensions  clearly  prove  that  they  belong  to  the 
[same  siliceous  sponges  as  those  of  the  chert  and  siliceous  beds  i  below  the 

i  layer  of  limestone,  and  it  is  evident  that  in  this  latter  bed  the  silica  of  the 

i  spicules  has  been  nearly  entirely  dissolved  away,  and  the  casts  x.  ,  been  refilled 
with  calcite.  Exceptionally,  an  infilling  of  glauconite  takes  place  instead  of  calcite. 
No  other  organic  remains  besides  the  spicules  are  distinguishable  in  the  limestone. 

Dr.  Fitton  has  given  a  detailed  section  of  these  strata  at  Tilburstow  Hill  without 
however  noticing  the  organic  nature  of  the  chert.  The  sections  at  present  exposed 
vary  to  some  extent  from  those  described  in  the  “  Strata  below  the  Chalk.” 

Nut  field,  Surrey. — Beds  of  gray  sandstone,  filled  with  spicules  are  exposed  at  this 
place.  A  microscopic  section  of  the  rock,  for  which  1  am  indebted  to  Professor 
Judd,  F.R.S.,  shows  the  spicules  partly  replaced  by  glauconite  and  partly  dissolved. 
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only  their  infilled  canals  remaining.  The  grains  of  quartz-sand  have  been  cemented 
together  by  the  silica  derived  from  the  spicules. 

Sevenoaks,  Kent. — On  the  summit  of  the  lower  greensand  plateau  a  short  distance 
to  the  south  of  Sevenoaks,  there  are  beds  of  chert  filled  with  sponge-remains  which 
are  extensively  worked  for  road  material.  The  beds  belong  to  the  Hythe  division, 
and  according  to  Mr.  Topley*  they  extend  from  Brastead  Chart  to  some  three  miles 
beyond  Sevenoaks  Common,  and  further  east  the  surface  of  the  ground  in  Great 
Comp  and  Mailing  Woods  is  also  covered  with  fragments  of  the  same  rock. 

In  a  stone  quarry  near  the  high  road,  about  a  mile  from  Sevenoaks,  the  following 


section  was  exposed  at  the  time  of  my  visit. 

feet,  inches. 

(1.)  Chert  (sponge-bed) .  2  6 

(2.)  Yellow  and  reddish  sand .  2  0 

(3.)  Chert  (sponge-bed) . 2  0 

(4.)  Sand .  1  0 

(5.)  Chert  (sponge-bed) . 2  0 

(6.)  Sand . 0  8 

(7.)  Chert  (sponge-bed)  bottom  of  quarry  1  6 


1 L  8 


The  sponge  remains  appear  to  be  limited  to  the  beds  of  chert,  of  which  there  are 
four  exposed,  with  a  total  thickness  of  eight  feet  (2 ’4  m.).  The  chert  is  of  a  gray  or 
light-brown  tint,  very  hard  and  brittle.  In  some  cases  there  is  an  outer  crust  of 
light-coloured  porous  siliceous  rock  filled  with  the  casts  of  spicules.  In  microscopic 
sections  of  the  chert  itself  numerous  spicules  can  be  seen,  embedded  in  a  translucent 
matrix  of  chalcedony,  which  appears  to  have  been  deposited  concentrically  round 
them.  The  spicules  are  also  of  chalcedony,  and  their  canals  are  infilled  either  with 
silica  of  a  darker  tint  than  the  walls,  or  with  glauconite.  Frequently  all  traces  of  the 
spicular  walls  have  disappeared  and  only  the  infilled  canals  remain,  and  these  might 
readily  be  mistaken  for  perfect  spicules.  A  few  small  foraminifera  and  fragments  of 
echinoderms  are  occasionally  present  in  the  chert  ;  with  these  exceptions  it  seems  to 
consist  of  the  remains  of  tetractinellid  and  lithistid  sponges. 

In  the  higher  beds  of  the  ITythe  division,  shown  in  the  railway  cutting  at  the 
north  end  of  the  Sevenoaks  tunnel,  I  did  not  recognise  any  well-defined  sponge-beds, 
though  in  some  of  the  upper  beds  in  the  section,  both  in  the  so-called  hassock  and  in 
the  rag,  the  rock  is  in  places  filled  with  casts  of  spicules. 

Fossil  sponges  are  also  numerous  in  beds  of  loose,  unconsolidated,  yellowish 
quartz-sand,  belonging  to  the  Folkestone  or  uppermost  division  of  the  lower  green¬ 
sand,  of  which  a  section  25  feet  in  thickness  is  shown  near  the  Gas  Works  at 


*  “  Geology  of  the  Weald,”  p.  110. 
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Sevenoaks.  The  sponges  here,  however,  do  not  occur  in  definite  beds  as  a  rule,  but 
are  distributed  irregularly  through  the  deposit,  in  nodular  masses  of  one  or  more 
entire  sponges  enveloped  in  the  sand,  which  is  lightly  cemented  round  them.  These 
sponges  are  lithistids ;  but  while  retaining  their  complete  outer  form,  their  spicular 
structures  have  been  dissolved,  and  only  casts  in  a  siliceous  matrix  remain. 

A  single  definite  sponge-bed  does,  however,  occur  in  the  deposit,  but  it  is  not  more 
than  one  or  two  inches  in  thickness  (‘025  to  -05  m.).  It  is  made  up  principally 
of  relatively  large  acerate  and  trifid  spicules  of  tetractinellid  sponges  irregularly 
mingled  together,  and  with  these  there  are  minute  skeletal  fragments  of  lithistid,  and 
even  of  hexactinellid  sponges.  The  spicules  are  but  lightly  cemented  together  with 
the  quartz-sand  by  a  siliceous  cement,  so  that  detached  forms  can  be  procured  by 
breaking  up  the  softer  portions  of  the  bed.  The  sponges  in  this  deposit  were  first 
discovered  by  Professor  Prestwick,  F.Pl.S.,  who  very  kindly  directed  my  attention  to 
them  and  conducted  me  to  the  beds. 

Maidstone,  Kent. — There  are  no  very  clearly  marked  sponge-beds  in  the  numerous 
exposures  of  the  lower  greensand  near  Maidstone.  As  a  general  rule  sponge-remains 
are  altogether  absent  in  the  rag  or  limestone  beds,  but  in  one  or  two  layers  of  this 
material  near  the  base  of  the  section  in  Bensted’s  quarry,  spicules  were  abundant,  but 
they  are  now  replaced  by  crystalline  calcite  or  remain  as  empty  moulds.  The  principal 
part  of  the  sandstone  or  so  -called  hassock-beds,  which  intervene  between  the  lime¬ 
stone  or  rag  beds,  consists  of  quartz  and  glauconite  grains  lightly  cemented  together 
by  calcareous  material,  but  there  are  also  present  other  beds  somewhat  similar  in 
appearance,  but  with  a  cementing  material  of  chalcedonic  silica,  and  inclosing  lenticular 
deposits  of  chert.  In  these,  sponge-remains  are  abundant,  but  usually  as  empty 
casts.  The  chert  is  largely  filled  with  fragments  of  other  organisms  as  well  as  sponge- 
spicules,  and  the  sponges  are  not  so  exclusively  present  as  to  justify  regarding  the 
deposits  as  sponge-beds.  In  some  of  the  hassock-beds,  however,  there  are  porous 
siliceous  accretions  nearly  entirely  composed  of  sponge  remains,  but  they  are  not 
continuous  in  a  single  bed. 

On  the  surface  of  the  fields  to  the  north-west  of  Maidstone  there  yet  remain 
numerous  slabs  or  fragments  of  a  hard  porous  siliceous  rock,  from  one  to  three  inches 
in  thickness  (’025  to  ’075  m.),  in  which  spicules  can  be  seen.  These  fragments  are 
very  similar  to  those  already  described  from  Godaiming,  and  like  them  are  evidently 
portions  of  sponge-beds. 

Sponge-spicules  appear  to  have  been  more  abundant  in  some  of  the  older  quarries  at 
Maidstone  than  they  are  in  those  which  are  now  worked,  since  Sir  Richard  Owen* 
mentions  that  they  were  sufficiently  numerous  to  be  detrimental  to  the  hands  of  the 
workmen,  and  Mr.  BenstedI  also  states  that  there  were  large  quantities  of  them 
in  the  lower  beds  of  the  series. 

*  ‘Palaeontology,’  1861,  vol.  i.,  p.  6. 

f  ‘  Proceedings  of  the  Geologists’  Association,’  vol.  i.,  1859-60,  p.  58. 
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Hythe,  Kent. — Sections  of  about  50  feet  in  thickness  (12 '5  m.)  of  the  basal 
division  of  the  lower  greensand  are  shown  in  the  quarries  at  the  back  of  the  town. 
The  strata  consist  of  alternating  beds  of  limestone,  sand,  and  sandstone,  approximately 
of  the  same  character  as  those  at  Maidstone,  but  less  regular  as  regards  the  thickness 
of  the  beds,  and  no  chert  is  present.  The  only  traces  of  sponge  remains  occur  in  some 
of  the  layers  of  limestone,  and  one  bed  in  particular,  in  the  lower  part  of  the  section, 
is  so  extensively  filled  with  spicules  that  it  may  fairly  be  regarded  as  a  sponge-bed. 
This  bed  is  about  15  inches  (‘375  m.)  in  thickness ;  it  is  of  a  light-gray  or  bluish  tint, 
hard  and  massive,  except  in  small  patches,  where  the  spicules  have  been  dissolved 
awTay  and  the  rock  is  consequently  porous.  Thin  microscopic  sections  show  that  the 
matrix  is  granular  and  the  siliceous  spicules  have  been  replaced  by  crystalline  calcite. 
In  a  few  cases  the  replaced  spicules  yet  show  traces  of  their  canals.  In  addition  to 
the  sponge-remains,  the  bed  contains  foraminifera  and  fragments  of  echinoderms. 

The  limestone  sponge-bed  is  also  shown  in  a  quarry  just  below  the  Hythe  railway 
station,  and  in  this  quarry  there  is  also  a  thin  shell-bed,  principally  consisting  of  the 
casts  of  Trigonia,  in  a  calcitic  matrix.  The  matrix  of  this  shell-bed  is  completely 
filled  with  the  empty  casts  of  sponge-spicules. 

Folkestone,  Kent. — The  uppermost  division  of  the  lower  greensand,  which  is  named 
the  Folkestone  division,  from  its  prominent  development  in  this  locality,  contains 
numerous  sponge-beds,  and  in  this  respect  is  of  a  somewhat,  exceptional  character, 
since  sponge  remains  are  of  rare  occurrence  in  the  strata  of  this  division  in  other 
localities. 

The  best  exposure  of  the  Folkestone  beds  is  in  the  cliffs  on  the  shore  between  the 
east  side  of  the  Harbour  and  Copt  Point.  About  half-way  between  these  places  the 
following  section  was  shown  at  the  time  of  my  visit.  I  here  give  it  in  detail,  since  it 
illustrates  the  manner  in  which  the  sponge-beds  alternate  with  other  beds. 


feet,  inches. 


(1.)  Above,  coarse  sandstone  and  grit . 1  0 

(2.)  Brown  and  yellow  sands . 6  0 

(3.)  Sandstone  with  spicules .  1  0 

(4.)  Unconsolidated  sand .  4  0 

(5.)  Siliceous  rock  (sponge-bed) .  1  10 

(6.)  Unconsolidated  sand . 1  8 

(7.)  Siliceous  rock  (sponge-bed) .  1  5 

(8.)  Sand .  1  8 

(9.)  Siliceous  rock  (sponge-bed) . 0  5 

(10.)  Sand . 2  0 

(11.)  Siliceous  reck  (sponge-bed) .  1  4 

(12.)  Sand .  5  0 

(13.)  Siliceous  rock  (sponge-bed) .  1  0 
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(14.)  Sand  and  siliceous  rock  . 

(15.)  Sand . 

(16.)  Siliceous  rock  (sponge -bed) 

(17.)  Sand . 

(18.)  Siliceous  rock  (sponge-bed) 

(19.)  Sand . 

(20.)  Siliceous  rock  (sponge-bed) 


feet,  indies. 

1  6 

3  6 

0  11 

1  0 

0  6 

1  6 

1  0 

38  3 


Thus,  in  this  section  of  38  feet  3  in.  (11  *47 5  m.)  there  are  eight  distinct  zones  or 
beds  of  sponge-remains,  with  a  total  thickness  of  8  feet  5  in.  (2 '52  m.).  These 
sponge-beds,  being  of  a  much  harder  nature  than  the  intermediate  layers  of  sand, 
stand  out  prominently  in  relief  in  the  face  of  the  cliff,  and  through  the  weathering 
away  of  the  loose  sand,  large  masses  and  blocks  fall  down,  and  are  piled  over  each 
other  on  the  beach.  The  sponge-beds  consist  of  spicules  in  a  matrix  of  coarse  grains 
of  quartz-sand  and  glauconite,  cemented  by  siliceous  material.  The  rock  is  of  a 
porous  or  spongiose  character,  harsh  and  rough  to  the  touch,  and  readily  friable. 
There  is  in  some  of  the  beds  a  central  layer  of  cherty  rock,  but  this  is  usually  porous, 
though  in  places  it  passes  into  true  chert.  The  spicules  in  these  beds  are  most  clearly 
shown  on  weathered  surfaces,  and  they  appear  to  the  unaided  sight  as  minute  white 
rods  of  a  dull  porcellanic  aspect.  They  are  often  sufficiently  numerous  to  give  a 
distinct  white  aspect  to  the  rock  surface.  In  freshly  fractured  surfaces  only  empty 
casts  of  spicules  can,  as  a  rule,  be  detected.  By  the  aid  of  a  lens,  gradual  transitions 
can  be  detected  between  apparently  perfect  spicules  and  forms  with  indistinct  outlines, 
in  which  the  spicules  are  gradually  breaking  up  to  form  the  whitish  siliceous  cement 
which  binds  them  and  the  sand  grains  into  one  mass.  The  cavities  in  the  cherty 
portions  of  the  sponge-beds  are  frequently  lined  with  a  smooth  layer  of  chalcedonic 
silica,  which  show's  under  the  microscope  a  radiately  fibrous  structure.  When  the 
cavities  are  infilled  by  successive  layers  of  this  silica,  which  there  can  hardly  be  a 
doubt  is  derived  from  the  sponge-spicules,  a  true  chert  is  produced. 

Not  infrequently  the  weathered  surfaces  of  the  sponge-beds  are  covered  by  a  raised 
network  of  sub-cylindrical  anastomosing  branches,  resembling  the  structures  generally 
known  as  Spongici  paradoxica.  These  branching  bodies  have  been  mistaken  for  actual 
sponges,"  but  they  appear  to  me  to  be  merely  the  burrows  of  marine  animals  into 
which  the  loose  sponge  spicules  have  been  washed,  and  from  the  partial  solution  of 
these  the  burrows  have  been  filled  with  a  strongly  cemented  material,  which  resists 
weathering  better  than  the  inclosing  rock. 

The  spicules  of  these  sponge-beds  are  exclusively  of  siliceous  sponges,  and  belong 

*  Mr.  F.  G.  H.  Price  refers  to  the  sponge-beds  in  this  section  as  seams  of  coarse  calcareous  sandstone, 
and  states  that  large  white  tabular  masses  of  branching  spouge  are  met  with  on  them.  ‘  Proceedings  of 
the  Geologists’  Association, ’  vol.  iv.,  p.  1?9. 
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principally  to  the  tetractinellidse  and  lithistidse.  I  did  not  find  in  any  of  the  beds  a 
single  example  or  even  the  cast  of  an  entire  sponge. 

The  sponge-beds  appear  not  to  continue  with  any  regularity  in  a  horizontal  direc¬ 
tion,  and  they  vary  also  in  their  characters  in  short  distances.  Thus  the  beds  in  the 
cliff  section  to  the  west  of  the  harbour,  though  only  imperfectly  shown,  are  thicker, 
and  decidedly  contain  more  chert  than  those  of  the  section  described.  This  fact  has 
already  been  noticed  by  Dr.  Fitton*  in  the  detailed  sections  which  he  has  given  of 
the  various  exposures  round  Folkestone.  The  same  author  describes  very  faithfully 
the  peculiar  characters  of  the  sponge-beds,  but,  strange  to  say,  he  does  not  seem  to 
have  noticed  the  sponge-spicules  in  them.  Mention  is  indeed  made  of  siliceous 
spongy  or  spongiform  concretions,  but  it  is  clear  from  the  context  that  reference  is 
only  made  to  the  peculiar  porous  nature  of  the  deposits.  They  are  also  compared  to 
the  concretionary  whetstones  in  the  upper  greensand  of  the  Blackdown  Hills  in 
Devonshire,  which  latter,  as  will  be  shown  in  the  sequel,  are  likewise  sponge-beds. 

Isle  of  Wight.  —Notwithstanding  the  thickness  of  the  lower  greensand  strata  in 
the  Isle  of  Wight,  sponge-remains  do  not  appear  to  be  present  in  them. 

Faringdon,  Berkshire. — Though  somewhat  beyond  the  area  of  which  this  paper 
treats,  it  is  desirable  to  make  a  brief  mention  of  the  remarkable  deposit  at  this  place, 
which  has  long  been  known  under  the  name  of  the  “  sponge  gravel."’  The  character 
of  its  deposition,  and  the  nature  of  the  sponges  in  it  are  altogether  different  from 
those  of  the  beds  of  the  same  geological  horizon  in  the  Wealden  area.  It  is  a  thick 
bed  of  unconsolidated  quartz-sand  and  pebbles,  with  numerous  sponges  and  other 
fossils.  Sponges  predominate,  and  they  are  present  in  astonishing  profusion.  They 
differ  from  those  of  the  lower  greensand  of  the  Wealden  area,  not  only  in  retaining 
their  complete  entire  forms,  but  in  the  fact  that  they  are  exclusively  calcisponges. 
Not  a  single  siliceous  sponge  has  as  yet  to  my  knowledge  been  met  with  in  this 
gravel,  though  these  calcisponges  have  been  described  by  various  authors  as  originally 
siliceous.  They  thus  present  a  striking  contrast  to  the  sponge-beds  in  other  areas,  in 
which  the  sponges  have  been  entirely  disintegrated,  and  are  also  exclusively  of 
siliceous  origin. 


Sponge-Beds  of  the  Upper  Greensand. 

Accepting  as  a  typical  section  that  shown  in  the  Undercliff  of  the  Isle  of  Wight,  I 
propose  to  include  in  this  term  the  strata  there  present  between  the  base  of  the 
so-called  chloritic  marl  and  the  blue  micaceous  sands,  which,  in  common  with  Captain 
IbbetsonI  and  Mr.  Parkinson, ;{;  I  regard  as  the  upper  portion  of  the  gault.  Thus 

*  “  Strata  below  the  Chalk,”  p.  116,  et  seq. 

t  ‘  Notes  on  the  Geology  and  Chemical  Composition  of  the  Various  Strata  in  the  Isle  of  A  iglit, 
London.  1849. 

f  Quart.  Joui'n.  Geol.  Soc.,  vol.  xxxvii.,  1881,  p.  375. 
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limited,  the  upper  greensand  may  be  regarded  as  comprising  two  broad  divisions,  an 
upper,  in  which  beds  of  chert  are  largely  developed,  and  a  lower,  principally  consisting 
of  micaceous  and  quartzitic  sands,  with  occasional  layers  of  chert.  The  upper  division 
corresponds  generally  with  the  zones  C  and  D  or  Warminster  beds  of  Barrois, and 
the  lower  with  the  Blackdown  beds  or  zones  B  and  part  of  A  of  the  same  author. 
Though  these  divisions  are  available  for  the  upper  greensand  strata  of  the  Isle  of 
Wight,  and  the  outcrops  further  westwards  in  the  counties  of  Dorsetshire,  Wiltshire, 
and  Devonshire,  they  are  not  clearly  recognisable  in  the  beds  of  the  same  geological 
horizon  to  the  north  and  west  of  the  Wealden  area.  The  upper  greensand  in  this 
area  has  an  altogether  different  facies ;  the  beds  are  exposed  at  intervals  in  a  narrow 
tract  of  country,  at  the  base  of  the  chalk  escarpment  between  Godstone  in  Surrey 
and  Selborne  in  Hampshire,  where  they  occasionally  form  a  distinct  escarpment  in 
advance  of  that  of  the  chalk,  They  are  known  and  have  been  described  under  the 
local  names  of  malm,  firestone,  burrystone,  and  hearthstone.  The  peculiar  character 
of  these  beds  arises  chiefly  from  the  sponge-remains  contained  in  them,  and  I  propose 
to  describe  these  before  referring  to  the  sponge-beds  of  the  more  normal  deposits  of 
the  upper  greensand  in  the  Isle  of  Wight. 

Mersthcim,  Surrey. — There  are  several  exposures  of  the  upper  greensand-beds  in 
the  escarpment  running  parallel  to  that  of  the  chalk,  both  in  road-cuttings  and  in 
quarries,  the  material  being  extensively  employed  for  building.  In  a  quarry  about 
Itj  mile  east  of  Merstham  the  following  section  was  shown  : — 

(1.)  Siliceous  and  siliceo- calcareous  rock  in  thin  beds;  those  ft. 

near  the  surface  being  partially  broken  up  ...  4 

(2.)  Bed  of  same  rock  as  No.  1,  but  in  large  compressed 
nodules  which  in  places  decompose  to  a  reddish  clay 
(3.)  Bed  of  siliceo-calcareous  rock.  Firestone  or  malm 

15  8 


in.  ft.  in. 

0  to  5  0 

0  8 
10  0 


In  an  adjoining  roadside  cutting,  where,  however,  the  beds  are  not  so  distinctly 
shown  as  in  the  quarry,  the  bed  marked  1  is  overlaid  by  a  layer  of  soft  glauconitic 
I  marl,  which  is  probably  the  equivalent  of  the  chloritic  marl. 

The  rocks  of  the  above  section  are,  when  fresh,  of  a  light  brown  tint  and  earthy 
aspect ;  they  become  white  or  grayish-white  when  dry,  and  are  then  considerably 
harder.  The  rock  is  minutely  porous  and  largely  absorbent  of  water,  and  when  dry, 
of  light  specific  gravity.  It  is  soft  to  the  touch  and  not  adherent  to  the  tongue.  In 
some  places  the  light  brown  rock  gradually  passes  into  one  which  is  heavier,  more 
compact,  and  of  a  light-bluish  tint,  and  frequently  becomes  nodular.  These  nodules 
are  locally  known  as  flints,  but  they  have  an  altogether  different  appearance  to  the 


*  ‘  Reclierches  sur  le  terrain  cretace  snperieur  de  l’Angleterre  et  de  l’lrlande,’  p.  106. 
MDCCCLXXXV.  3  H 
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normal  flints  of  the  upper  chalk.  There  are  also  pockets  of  a  reddish-yellow  loamy 
clay  which  appear  to  be  produced  by  an  alteration  of  the  normal  rock.  Some  portions 
of  the  beds  do  not  appear  to  contain  calcareous  material,  in  others  calcite  is  present 
and  the  rock  is  then  harder  and  denser.  When  a  fractured  surface  is  examined  with  a 
strong  hand-lens  it  is  seen  to  consist  of  minute  silvery  mica-scales,  points  and  rods  of 
glauconite,  and  white  powdery  siliceous  granules.  Fragments  of  sponge-spicules  are 
also  visible,  but  these  are  less  numerous  than  the  minute  hollow  cavities  of  spicules 
with  which  the  rock  is  throughout  interpenetrated,  and  to  which  it  owes  its  porositv. 
These  spicular  casts  are  very  minute,  and  it  requires  careful  observation  to  detect 
them  (Plate  40,  fig.  7). 

Thin  sections  of  the  harder  portions  of  this  rock,  examined  under  the  microscope, 
still  further  confirm  its  organic  origin  and  its  derivation  from  the  spicules  of  siliceous 
sponges.  The  sections  show  spicules,  mostly  fragmentary,  irregularly  distributed  in 
the  siliceous  and  siliceo-calcareous  matrix.  The  points  and  rods  of  glauconite  can  be 
recognised  as  portions  of  siliceous  spicules  replaced  by  this  mineral.  The  spicules 
which  yet  remain  siliceous  are  white  by  reflected,  and  transparent  by  transmitted 
light ;  they  are  negative  to  polarised  light,  and  thus  show  that  the  silica  still  retains 
the  amorphous  colloid  condition  in  which  it  is  present  in  recent  siliceous  sponges.  The 
silica  of  the  matrix,  and  also  that  infilling  the  empty  casts  of  the  spicules,  is  partly  in 
the  form  of  minute  discs  or  globules  (the  character  of  which  is  more  fully  referred  to 
in  the  sequel),  likewise  of  amorphous  silica,  and  partly  of  transparent  chalcedonic 
silica  (Plate  40,  fig.  5). 

In  the  general  mass  of  the  rock,  the  spicules  which  yet  remain  intact  are  firmly 
imbedded  in  the  siliceous  matrix,  but  in  the  decomposed  clayey  portions  some  may  be 
obtained  by  washing,  free  from  matrix.  They  are  principally  acerate  and  trifid  spicules 
belonging  to  tetractinellid  sponges,  mingled  with  others  of  lithistid  and  hexactinellid 
types.  There  is  a  general  resemblance  to  the  spicules  of  the  sponge-beds  from  the 
lower  greensand,  and  to  those  from  the  upper  greensand  of  the  Isle  of  Wight  and  the 
South-Western  counties,  but  at  the  same  time  they  are  notably  of  smaller  dimensions. 
Not  only  in  this  locality  but  generally  m  the  beds  of  malm  or  firestone  to  the  north 
and  west  of  the  Weald  the  same  minute  forms  occur. 

The  spicular  constituents  of  this  rock  are  not  shown  with  equal  clearness  in  eveiy 
portion  of  the  beds  exposed,  but,  as  the  nature  of  the  rock  is  similar  throughout,  there 
is  reason  to  suppose  that  it  is  all  of  similar  origin,  and  may  be  regarded  as  a  sponge- 
bed.  I  could  not  determine  whether  the  quarry-section  referred  to,  15  feet  8  inches 
in  thickness  (4'7  m.),  embraces  the  total*  thickness  of  the  malm  at  this  place. 

Notwithstanding  the  abundance  of  the  detached  spicules  I  did  not  meet  with  a 
single  entire  sponge  or  even  a  fragment  of  one  in  this  bed  ;  they  all  appear  to  have 

*  Mr.  Topley,  in  the  “  Geology  of  the  Weald,”  p.  154,  states  that  the  total  thickness  of  the  upper 
greensand  at  this  place  is  22  feet,  but  this  includes  the  bed  of  chloritic  marl ;  Dr.  Fitton,  in  the  “  Strata 
below  the  Chalk,”  p.  140,  places  the  total  thickness  at  25  feet,  but  he  did  not  himself  see  the  section. 
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been  disintegrated  and  reduced  to  their  individual  elements.  The  organic  nature  of 
the  rock  does  not  appear  to  have  been  previously  noticed. 

Godstone,  Surrey. — About  three  miles  east  of  the  quarries  at  Merstham,  beds  of  the 
same  age  are  worked  by  the  side  of  the  high  road  north  of  the  village  of  Godstone. 
There  is  here  an  upper  bed  of  soft  rock  5  feet  8  inches  in  thickness  (1  36  m.),  which 
is  largely  quarried  for  hearthstones.  This  rock  is  of  a  more  friable  character,  and 
contains  more  calcite  than  the  malm  or  firestone  ;  but  empty  spicular  casts  and 
spicules  replaced  by  glauconite  are  present  in  it,  and  the  silica  is  also  in  the  amor¬ 
phous  globular  form.  Beneath  the  hearthstone-bed  there  are  beds  14  feet  in  thickness 
of  malm  or  firestone,  of  a  similar  character  to  those  at  Merstham,  and  similarly  filled 
with  sponge-remains.  In  these  there  are  at  intervals  parallel  layers  of  the  hard  blue 
nodular  aggregations  known  as  flints,  which  are  from  3  to  4  inches  ('075  to  T  m.)  in 
diameter.  These  nodules  are  not  sharply  delimitated  from  the  inclosing  rock,  in  the 
same  manner  as  the  flints  in  the  chalk,  but  there  is  a  gradual  passage  from  one  to  the 
other.  They  are  disposed,  however,  in  definite  planes  of  bedding  in  the  same  manner 
as  the  chalk-flints.  The  sponge-spicules  are  much  more  distinctly  shown  in  these  blue 
nodules  than  in  the  white  portion  of  the  rock.  A  magnified  section  of  one  of  these 
nodules  is  shown  on  Plate  40,  fig.  2. 

Reigcite  and  Betchworth,  Surrey. — A  short  distance  to  the  west  of  Reigate  and 
again  about  two  miles  further  west,  close  to  Betchworth  station,  quarries  are  opened 
to  obtain  the  hearthstones  and  firestones.  In  the  upper  beds  of  the  quarries  the  base 
of  the  chalk  marl  is  shown,  and  beneath  this  a  bed  from  4  feet  to  8  feet  in  thickness 
of  a  soft  greensand  in  which  glauconite  grains  are  very  abundant.  This  bed  repre¬ 
sents  the  chloritic  marl.  The  hearthstones  are  here  10  feet  in  thickness  (3  m.)  and 
the  firestone  beds  beneath  are  of  an  equal  thickness.  The  character  of  these  rocks 
closely  resembles  that  of  the  "beds  at  Merstham  and  Godstone. 

Farnham,  Surrey. — The  upper  greensand  strata  near  this  town  were  formerly  largely 
worked  for  agricultural  purposes  and  for  building,  but  good  sections  are  no  longer 
exposed.  According  to  Messrs.  Way  and  Paine,  #  who  have  given  a  detailed 
description  of  the  beds,  they  have  a  total  thickness  of  over  60  feet,  of  which  the 
upper  40  feet  (12  m.)  is  a  soft  friable  rock,  known  as  malm  or  soft  Surrey  sandstone, 
and  the  lower  20  feet  (6  m.)  is  of  a  harder  character,  and  is  called  firestone. 

The  malm  rock  is  of  a  creamy-white  tint,  and  very  soft  and  porous,  and  of  relatively 
light  gravity  when  dried.  With  the  exception  of  a  few  mica-scales  and  particles  of 
glauconite  it  appears  to  be  entirely  siliceous.  Its  friable  character  does  not  permit 
microscopic  sections  to  be  made  from  it,  but  reduced  to  powder  and  examined  in 
Canada  balsam,  fragmentary  spicules  both  of  silica  and  of  glauconite  can  be  seen  in  it. 
The  greater  part  of  the  silica  in  the  rock  is  in  the  globular  form,  and  the  minute 
globules  or  discs  occur  detached  in  the  powdered  material  (Plate  45,  figs.  18-186). 
This  globular  silica,  as  well  as  that  of  the  spicules,  is  in  the  amorphous  condition  and 
*  ‘  Journal  of  the  Royal  Agricultural  Society,’  vol.  xiv.,  1853,  p.  232,  et  seq. 
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it  is  entirely  negative  between  crossed  nicols.  The  empty  spicular  cavities,  to  which 
the  porous  nature  of  the  rock  is  due,  appear  in  fractured  surfaces  as  very  minute, 
short,  straight  tubes  or  open  canals  from  ‘15  to  ’4  mm.  in  length  by  ’03  mm.  in  width. 
They  are  undoubtedly  the  casts  of  acerate  and  trifid  siliceous  spicules,  and  they  are 
sufficiently  numerous  to  show  that  the  silica  derived  from  the  solution  of  the  contained 
spicules  can  have  produced  the  colloid  material  of  which  the  rock  principally  consists. 
There  can  be  no  doubt  that  this  malm  rock  is  derived  from  the  spicules  of  siliceous 
sponges. 

Messrs.  Way  and  Paine  first  called  attention  to  the  fact  that  the  Farnham  malm 
and  firestone  contain  a  large  amount,  varying  from  25  to  75  per  cent.,  of  soluble 
silica,  but  they  do  not  appear  to  have  noticed  the  peculiar  globular  form  in  which  the 
silica  has  been  deposited,  and*  they  deny  its  organic  origin. 

Selborne,  Hampshire. —  The  malm  rock  is  well  shown  in  the  quarries  at  this  village, 
where  a  section  of  15  feet  (4\5  m.)  is  exposed  ;  also  in  road-cuttings  and  on  the 
surfaces  of  the  adjoining  fields.  It  is  of  a  much  harder  and  more  compact  character 
than  that  at  Farnham,  and  contains  a  fair  proportion  of  calcite,  which  renders  it  more 
suitable  as  building  material.  Spicules  and  spicular  casts  abound  in  it.  Some  of  the 
casts  of  spicules  in  the  more  calcareous  beds  have  been  refilled  with  crystalline  calcite, 
whilst  in  sections  of  the  more  siliceous  beds  the  spicules  are  seen  thickly  grouped 
together,  surrounded  by  globular  silica  and  also  by  transparent  chalcedonic  silica. 
The  spicular  canals  are  infilled  by  glauconite,  which  remains  intact  after  the  spicular 
walls  have  been  dissolved. 

Gilbert  White,  in  the  ‘Natural  History  t  of  Selborne,’  referring  to  this  rock, 
states  that  it  is  but  little  removed  from  chalk  in  appearance,  but  seems  so  far  from 
being  calcareous  that  it  endures  extreme  heat.  It  was  known  as  the  white  malm,  in 
contradistinction  to  the  chloritic  marl,  which  was  called  the  black  malm.  Its  organic 
origin  does  not  seem  to  have  been  suspected. 

Wallingford,  Berkshire. — The  malm  rock  is  not  limited  to  the  northern  margin  of 
the  Weald,  for  at  Wallingford,  which  is  situated  about  thirty-two  miles  to  the  north¬ 
west,  there  are  exposed  beds  of  siliceo-calcareous  rock  of  the  same  character  as  those 
already  described  round  the  Wealden  area.  The  rock  is  hard,  and  calcite  is  only 
occasionally  present  in  it,  but  there  is  a  greater  relative  amount  of  quartz-sand  and 
other  mechanically  derived  constituents  than  in  the  malm  of  the  Wealden  district. 
The  sponge-remains  are  either  as  empty  casts  or  of  amorphous  silica,  and  the  siliceous 
matrix  is  partly  in  the  globular  form. 

*  “  On  the  Silica  Strata  of  the  Lower  Chalk.”  ‘  Journal  of  the  Royal  Agricultural  Society, ’  vol.  sir., 
p.  243.  These  authors  state  that  it  is  “not  infusorial,  for  with  the  exception  of  a  few  foraminifera  uo 
traces  of  animal  life  can  be  observed  in  the  rock  by  microscopical  examination.”  They  attribute  its 
formation  to  “  aqueous  decomposition  resulting  from  the  contact  of  silicate  of  lime  in  solution,  derived 
from  the  older  rocks,  with  carbonic  acid,  produced  either  by  vegetable  and  animal  decay  or  by 
volcanic  agency,  so  that  at  one  and  the  same  time  carbonate  of  lime  aud  gelatinous  or  soluble  silica 
would  be  formed.” 

f  Bell's  edition,  p.  3. 
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Eastbourne  and  Folkestone. —  According  to  the  Geological  Survey  Memoir, #  the 
characteristic  malm  does  not  extend  round  the  south-western  margin  of  the  Weald, 
but  gradually  disappears  to  the  east  of  Steyning,  in  Sussex,  and  the  upper  greensand 
is  represented  by  beds  of  sandy  marl  which  extend  as  far  as  Eastbourne.  In  these 
beds  I  have  not  discovered  any  sponge-remains,  but  in  some  higher  beds  of  dark 
grayish  glauconitic  sandstones,  belonging  to  the  horizon  of  the  chloritic  marl  or  the 
base  of  the  chalk  marl,  there  is  a  very  characteristic  sponge-fauna,  which  differs  so 
greatly  from  that  of  the  upper  greensand  proper  that  it  merits  notice,  although 
beyond  the  limit  assigned  to  my  paper.  These  sponge-beds,  or  reefs,  as  they  are 
termed  by  Mr.  Price,!  appear  to  consist  exclusively  of  entire  examples  of  hexactinellid 
sponges  belonging  to  the  genera  Flocoscyphia,  Craticularia,  and  Stauronema,  growing 
together  in  such  abundance  that  the  exposed  rock  surface  is  covered  with  them. 
These  and  similar  sponges  are  either  wholly  absent  from  the  sponge-beds  of  the  lower 
and  upper  greensand  or  represented  by  mere  microscopic  fragments  of  their  skeletal 
mesh,  and  their  presence  in  these  deposits  may  be  regarded  as  indicating  the  existence 
of  different  conditions,  in  which  deeper  water  prevailed  than  when  the  greensand 
sponge-beds  were  formed. 

Shanklin,  Ventnor,  and  the  Undercliff,  Isle  of  Wight. — The  sponge-beds  in  the 
upper  greensand  of  these  places  principally  occur  in  the  upper  division,  characterised 
by  bands  of  chert  and  siliceo-calcareous  rock.  The  beds  are  well  shown  in  the 
quarries  near  Shanklin  and  at  Ventnor,  and  along  the  Undercliff.  The  striking 
parallel  bands  of  cherty  rock  which  project  in  relief  in  the  upper  portion  of  the  cliff, 
and  the  huge  masses  of  the  same  material  scattered  over  the  terraces  beneath,  consist 
of  sponge-beds.  At  the  Hail  way  Station  at  Ventnor  the  following  section  is  exposed; 
the  bed  marked  1  is  immediately  overlaid  by  the  chloritic  marl. 

feet,  inches. 


(1.)  Sificeo-calcareous  rock,  with  bands  of  chert  (sponge- 

bed)  . 21  0 

(2.)  Siliceo-calcareous  rock . 4  0 

(3.)  Building  stone  with  nodular  layer  of  bluish  lime¬ 
stone  .  1  7 

(4.)  Freestone  of  quartz-sand,  glauconite,  and  mica 

cemented  by  calcite . 3  2 

(5.)  Freestone,  similar  to  above,  but  with  some  silica  in 

cementing  material  . 4  10 

(6.)  Beds  of  siliceo-calcareous  nodules  with  chert  1  4 

(7.)  Freestone  of  similar  character  to  bed  5  .  4  9 

(8.)  Hard  siliceo-calcareous  rock,  with  chert  ....  1  0 

(9.)  Freestone  resembling  bed  5 .  3  0 

(10.)  Freestone  and  cbert  to  base  of  quarry . 3  0 

47  8  (=14-3  m.) 


*  “  Geology  of  the  Weald,”  p.  158.  f  Quart.  Journ.  Geol.  Soc.,  vol.  xxxiii.,  p.  435. 
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The  upper  layers  (21  feet  in  thickness)  of  this  section  so  abound  with  spicules  that 
they  may  be  considered  as  a  continuous  sponge-bed.  The  chert  resembles  that  which 
has  already  been  described  from  the  lower  greensand.  It  is  usually  of  a  light  brown 
tint,  and  in  thin  sections  under  the  microscope  it  is  seen  to  be  filled  with  spicules  and 
spicular  casts  imbedded  in  a  translucent  matrix  of  chalceclonic  silica.  The  spicules 
are  likewise  of  chalcedony,  and  their  canals  are  infilled  with  glauconite.  Another 
variety  of  chert,  also  very  abundant,  is  of  a  grayish  or  greenish-white  tint ;  it  differs 
from  the  former  in  that  the  matrix  is  of  amorphous  silica,  whilst  the  inclosed  spicules 
are  of  chalcedony.  The  chert  bands  here,  similar  to  those  of  the  lower  greensand, 
are  enveloped  in  an  outer  crust,  of  varying  thickness,  of  white  or  yellow  siliceous 
porous  rock,  which  is  interpenetrated  with  the  empty  moulds  of  spicules. 

In  some  of  the  thicker  masses  of  chert  there  are  cavities  or  pockets  filled  with 
spicules,  loosely  mingled  in  a  grayish  siliceo-calcareous  powder,  in  which  there  are  also 
numerous  well-preserved  foraminifera,  chiefly  of  the  genus  Textularia.  The  spicules 
in  these  cavities  have  undergone  a  remarkable  alteration  in  structure  ;  they  appear  to 
have  lost  their  original  silica,  which  has  been  replaced  by  glauconite  and  some  other 
silicate  of  a  greenish-white  aspect.  The  replacing  material  has  only  partially  filled 
the  form  of  the  original  spicules,  and  thus  they  look  like  mere  shadowy  casts  of 
complete  spicules.  These  in  many  cases  are  peculiarly  distorted  and  contracted 
(Plate  45,  figs.  15a — e). 

Spicules  in  varying  quantities  are  also  present  in  the  beds  of  freestone  and  other 
siliceo-calcareous  layers,  in  all  about  27  feet  in  thickness,  which  form  the  lower  part 
of  the  section  at  the  Yentnor  Station  quarry.  These  beds  consist  principally  of  fine 
grains  of  quartz  and  glauconite  with  mica  and  cal  cite,  and  in  appearance  they  resemble 
the  malm  rock  of  the  northern  margin  of  the  Weald,  and,  in  fact,  they  have  thus 
been  named  by  Mr.  Parkinson.*  They  differ,  however,  from  the  true  malm  in  the 
small  proportion  of  silica  which  they  contain,  and  I  have  not  seen  in  them  any  silica 
of  the  globular  form  so  common  in  the  malm.  The  sponge-spicules  in  these  beds  are 
mostly  represented  by  their  hollow  moulds,  and  these  are  so  minute  that  only  by 
careful  scrutiny  can  they  be  detected.  They  are,  as  a  rule,  more  readily  recognisable 
in  the  small  dark  phosphatic  nodules  which  frequently  occur  in  the  beds.  The 
spicules  are  not  sufficiently  abundant,  however,  for  these  beds  to  be  considered  as 
definite  sponge-beds. 

In  the  lower  series  of  the  upper  greensand  strata,  consisting  of  about  50  feet 
(10 '5  m.)  of  yellowish-gray  micaceous  sands,  usually  soft  and  unconsolidated,  but  with 
occasional  harder  bands,  I  did  not  detect  any  well-defined  sponge-beds,  but  spicules 
are  fairly  abundant  in  some  of  the  layers,  and  it  is  not  improbable  that  a  careful  search 
would  show  them  presence  throughout. 

The  sponge-beds  of  the  Isle  of  Wight,  like  those  of  the  lower  greensand,  exclusively 
consist  of  the  detached  spicules  of  siliceous  sponges.  A  few  entire  lithistid  sponges 

*  Quart.  Jo  urn.  Geol.  Soc.,  vol.  xxxviii.,  p.  370. 
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of  the  germs  Jerea  are  occasionally  met  with,  but  the  exact  horizon  in  which  they 
occur  is  not  known,  though  1  should  judge  from  the  character  of  the  rock  containing 
them  that  they  belong  to  the  horizon  of  the  freestone  beds.* 

Warminster,  Wiltshire. — From  the  upper  greensand  strata  of  this  locality  entire 
forms  of  lithistid  sponges  have  been  met  with  in  one  or  two  limited  areas,  but  they 
are  of  comparatively  rare  occurrence,  and  appear  to  be  seldom  found  at  the  present 
time.  On  the  other  hand,  beds  of  rock  filled  with  the  detached  spicules  of  lithistid 
and  tetractinellid  sponges  are  exposed  at  Warminster  itself,  and  in  other  places  south 
of  it,  to  beyond  the  village  of  Crockerton.  The  sponge- beds  are  largely  worked  for 
road  material,  and  fragments  of  them  are  abundant  on  the  surfaces  of  the  fields,  under 
which  the  beds  crop  out. 

The  following  section  is  shown  in  a  quarry  on  the  outskirts  of  Warminster  :  — 


(1-) 

(2-) 

(3.) 

(4.) 

(5.) 

(6.) 

(7.) 

(8.) 

(9.) 


feet,  inches. 


Broken  fragmentary  chert  in  a  marly  matrix  ...  3  0 

Greensand  of  quartz  and  glauconite  grains  ...  1  0 

Chert  (sponge-bed) . 1  0 

Greensand  similar  to  bed  2 . 1  0 

Siliceo-calcareous  rock  and  chert,  partly  decomposed 

to  a  reddish  loam  (sponge-bed) . 2  3 

Greensand  similar  to  bed  2 . 1  3 

Siliceous  rock  with  chert  (sponge-bed) . 2  6 

Greensand . 1  0 

Siliceous  rock  with  chert  (sponge-bed)  to  bottom  of 

quarry . 1  3 


14  3  (=4-275  m.) 


Near  Chute  Farm,  about  four  miles  south  of  Warminster,  another  section  is  exposed 
as  follows  : — 

feet.  feet.  inch. 

(1.)  Broken  chert  and  siliceous  rock . 1  to  2  0 

(2.)  Siliceo-calcareous  rock  and  chert  in  beds  of  varying 

hardness  (sponge-bed) . 10  0 

12  0  (  =  3’6  m.) 

*  I  noticed  large  masses  of  rock  with  some  of  these  sponges  weathered  out  on  their  surfaces  on  the 
heach  about  two  miles  west  of  Ventnor.  From  their  appearance  I  could  understand  the  origin  of  the 
remarkable  figures  of  the  tulip  alcyonium  given  by  Webster  in  ‘Transactions  of  the  Geological  Society,’ 
1814,  vol.  ii.,  p.  377,  pi.  28.  One  need  hardly  say  that  the  enormously  long  stems  which  are  there 
represented  as  portions  of  the  sponge  have  no  real  connection  with  it.  These  supposititious  stems  have 
been  based  on  long  cylindrical  tubes  with  fluted  walls,  which  interpenetrate  the  rocb.  Whatever  may 
he  the  true  nature  of  these  tubes  it  is  certain  that  they  are  not  the  stems  of  sponges. 
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The  siliceo-calcareous  rock  of  which  the  sponge-beds  are  largely  composed  is  of  a 
whitish  appearance,  and  consists  of  silica,  both  amorphous  and  as  chalcedony,  calcite, 
a  small  quantity  of  mica,  and  grains  of  glauconite  and  quartz.  It  is  filled  with 
spicules  of  relatively  large  size  ;  they  are  now  of  a  porcelanic  white  by  reflected  light, 
and  transparent  in  Canada  balsam  by  transmitted  light ;  they  are  usually  perfect,  and 
their  canals  are  well-preserved.  These  spicules  are  of  amorphous  silica  and  are 
entirely  negative  between  crossed  nicols,  though  their  canals  are  usually  infilled 
with  clialcedonic  silica  or  with  glauconite,  and  the  transparent  siliceous  matrix  in 
which  they  are  imbedded  is  also  chalcedonic.  The  spicules  are  in  such  profusion  in 
some  of  the  beds  that  they  form  distinctly-marked  thin  white  parallel  layers  with 
intermediate  layers,  which,  from  the  larger  proportion  of  glauconite  grains  in  them, 
are  of  a  greenish  tint.  These  parallel  layers  must  have  been  thus  arranged  at  the 
tine  the  beds  were  forming,  and  they  indicate  the  disintegration  of  the  sponges  and 
the  mingling  of  their  spicules  before  they  were  buried  under  fresh  deposits.  The 
perfect  condition  of  the  spicules  likewise  indicates  that  they  could  not  have  been 
drifted  to  any  extent  over  the  sea-bottom  (Plate  40,  fig.  1 ). 

The  white  siliceous  rock  filled  with  spicules  occasionally  passes  into  a  brown  chert ; 
in  this  rock  the  spicules  are  to  a  large  extent  dissolved  away,  and  only  their  infilled 
canals  and  shadowy  casts  remain.  It  is  evident  that  the  cherty  portions  were 
originally  as  filled  with  perfect  spicules  as  the  siliceous  rock  into  which  they  gradually 
pass,  and  the  difference  results  from  the  solution  of  the  amorphous  silica  of  the  walls 
of  the  spicules,  and  its  re-deposition  in  the  chalcedonic  condition  to  form  the  chert. 

In  some  of  the  sponge-beds  there  are  cavities  or  pockets  in  the  chert  filled  with 
a  loose,  powdery,  unconsolidated  material,  of  the  same  character  as  that  already 
mentioned  in  the  chert  at  Yentnor.  The  spicules  in  this  material  are,  however,  for 
the  most  part,  in  a  perfect  condition,  and  can  be  washed  perfectly  free  from  the 
matrix ;  but  others  have  undergone  a  similar  alteration  to  that  of  the  Yentnor 
spicules,  and  they  have  been  partially  replaced  by  a  nearly  transparent  mineral,  and 
the  silica  is  in  the  globular  form  (Plate  45,  figs.  15,  16).  Much  of  the  silica  in  the 
powder  of  these  cavities  is  in  the  form  of  minute  globules  or  discs,  and  the  silica 
is  amorphous  (Plate  45,  figs.  19-19e). 

P enzlewood,  Somerset. — On  the  plateau  formed  by  the  summit  beds  of  the  upper 
greensand  at  this  place,  and  at  the  adjoining  villages  of  Stourton  and  Zeals,  in 
Wiltshire,  there  are  exposed  beds  of  chert  and  siliceous  rock,  which  are  estimated 
by  Mr.  Horace  B.  Woodward*  to  be  from  20  to  30  feet  in  thickness.  The  beds 
are  largely  worked  for  road  material,  and  they  have  been  formerly  extensively 
employed  for  building  and  also  for  the  manufacture  of  whetstones  t  for  sharpening 

*  “Geology  of  East  Somerset.”  ‘Memoirs  of  the  Geological  Survey,’  p.  138. 

t  My  attention  was  first  directed  to  these  beds,  by  my  friend  Mr.  Alebed  Gillett,  of  Street,  who 
showed  me  one  of  the  whetstones  made  at  this  place.  A  fractured  surface  at  ouce  showed  that  the 
hard,  porous  siliceous  rock,  of  which  it  was  made,  was  a  portion  of  a  sponge-bed,  since  it  was  filled 
throughout  with  the  empty  casts  of  siliceous  spicules. 
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scythes.  The  chert  in  these  beds  is  of  the  same  character  as  that  which  has  been 
already  described  from  Ventnor  and  elsewhere.  Spicules  are  abundant  in  it,  but 
their  walls  are  frequently  dissolved,  and  they  are  now  largely  represented  by  their 
infilled  canals  (Plate  40,  fig.  3).  This  chert  is  accompanied,  and  frequently  inclosed, 
by  the  hard,  harsh,  porous  siliceous  rock  filled  with  spicular  cavities  so  generally 
present.  In  some  places  this  description  of  rock  has  been  naturally  broken  up,  so  as 
to  form  beds,  five  or  six  feet  in  thickness,  of  small  irregular  fragments  having  a 
pumicedike  aspect. 

In  addition  to  the  chert  and  porous  siliceous  rock,  some  of  the  sponge-beds  in  this 
district  consist  of  a  hard,  whitish,  massive  rock,  of  a  granular  character,  filled  with 
spicules  of  a  white  porcelanic  tint.  The  rock  appears  to  be  nearly  entirely  siliceous, 
the  silica  is  partly  chalcedonic  and  partly  amorphous,  and  in  the  globular  form.  The 
spicules  are  of  amorphous  silica,  similar  to  those  at  Warminster.  Small  cavities  in 
this  rock  are  filled  with  spicules  partially  cemented  together. 

The  sponge-beds  of  this  locality  are  distinguished  by  the  absence  of  calcite  and  the 
small  proportion  of  glauconite  and  mica  present  in  them.  Their  organic  character 
does  not  appear  to  have  been  hitherto  noticed,  although  they  have  excited  much 
attention,  owing  to  the  fact  that  over  an  extensive  area  numerous  conical  pits  have 
been  made  in  them  to  extract  the  harder  portion  of  the  beds  for  economical  purposes, 
and  these  pits  have  been  surmised  to  be  the'"'  remains  of  primitive  dwellings. 

Blachdown  Hills,  Devonshire.- — The  beds  of  upper  greensand  age  exposed  in  the 
higher  portion  of  the  Blackdown  Hills  have  formed  the  subject  of  numerous  memoirs, 
in  which  some  reference  is  made  to  the  occurrence  in  them  of  sponge-remains.  The 
detached  spicules  met  with  here  and  at  Haldon  were  first  described  and  figured  by 
Mr.  E.  Parfitt,!  and  later  in  a  more  complete  manner  by  Mr.  H.  J.  Carter,  F.ft  S.,J 
but  these  authors  do  not  describe  in  detail  the  beds  in  which  they  occur.  The  beds  have 
formerly  been  extensively  worked  for  whetstones  and  for  building,  and  Dr.  Fitton  § 
gives  full  details  of  the  beds  employed,  and  the  mode  of  manufacture  of  the  whet¬ 
stones,  without,  however,  noticing  their  organic  character. 

The  basal  beds  of  the  greensand  consist  of  a  fine-grained  yellowish  sand-rock,  which, 
according  to  Mr.  Downes,  [|  is  30  feet  (9m.)  in  thickness.  This  is  overlaid  by  a  series 
of  beds  of  sand  and  siliceous  rock  varying  from  12  to  20  feet  (3'6  to  6  m.)  in  thickness, 
which  contain  the  so-called  concretions  used  for  whetstones.  These  are  of  a  greenish 
tint  when  moist,  and  gray  when  dry.  The  rock  is  porous,  very  harsh  to  the  feel, 

*  ‘  Proceedings  of  the  Somerset  Archaeological  and  Natural  History  Society,’  vol.  xv.  ;  also  “  Remarks 
on  the  Pen  Pits  and  other  supposed  Early  British  Dwellings.”  By  H.  B.  Woodward,  in  the  ‘Midland 
Naturalist,’  1883. 

f  ‘  Transactions  of  the  Devonshire  Association  for  the  Advancement  of  Science,  1870.’ 

+  Ann-  Mag.  Nat.  Hist.,  s.  4,  vol.  vii.,  1871,  p.  112. 

§  “  Strata  below  the  Chalk,”  p.  236. 

||  Quart.  Journ.  Geol.  Soc.,  vol.  xxxviii.,  p.  80. 
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partly  hard,  and  partly  soft  and  friable.  It  is  filled  with  sponge-spicules  and  their 
empty  casts,  cemented  together  by  chalcedonic  silica.  Quartz-sand  and  glauconite 
grains  are  also  present,  but  no  calcite,  and  only  a  small  amount  of  mica.  In  the  softer 
portions  the  spicules  are  so  lightly  cemented  with  the  other  materials  that  by  gently 
breaking  up  the  accretionary  masses  they  may  be  obtained  in  great  numbers  and  with 
their  forms  perfect.  The  spicules  are  chiefly  of  chalcedonic  silica  ;  some  appear  to  be 
partly  of  crystalline  silica ;  they  are  nearly  transparent  in  Canada  balsam,  and  require 
to  be  mounted  for  the  microscope  in  glycerine.  Spicules  are  abundant  also  in  the 
unconsolidated  sand  of  the  whetstone  series  of  beds,  and  they  may  be  regarded  as 
filled  with  sponge-remains  throughout,  and  forming  a  continuous  sponge-bed.  The 
cementing  silica,  which  renders  this  material  suitable  for  whetstones,  is  derived  from 
the  solution  of  the  spicules,  and  the  chalcedonic  silica,  which  has  replaced  the  calcite  of 
the  molluscan  shells  in  the  same  beds,  may  be  attributed  to  the  same  source. 

Above  the  whetstone  series  of  sponge-beds,  there  are  beds  of  sand  and  sandstone 
(beds  10,  11,  of  Mr.  Downes),  and  these  are  again  succeeded  by  sands  with  siliceous 
rock  and  chert,  which  are  also  composed  of  sponge-remains.  On  the  summit  of  Black- 
clown,  near  Cullompton,  there  are  beds  of  cherty  debris  5  to  10  feet  in  thickness, 
imbedded  in  a  clayey  matrix.  Though  much  weathered,  spicules  can  yet  be  recognised 
in  some  of  the  masses  of  chert,  and  it  seems  to  me  highly  probable  that  these  beds  of 
debris  represent  the  chert  series  or  sponge-beds,  which  at  Warminster,  Penzlewood,  and 
at  Vent  nor,  form  the  summit  of  the  upper  greensand. 

Though  detached  spicules  are  so  abundant,  entire  sponges  are  now  comparatively 
rare  in  the  Blackdown  beds.  The  well-known  Stphonia  pyriformis  (S.  tulipa ,  Zittel), 
figured  by  Sowerby*  in  Dr.  Fitton’s  memoir,  is  stated  by  Mr.  Downes!  to  be  limited 
to  a  single  layer,  and  the  spicules  of  this  species  very  seldom  occur  in  the  sponge-beds, 
which  are  principally  composed  of  the  acerate  and  trifid  forms  belonging  to  tetracti- 
nellid  sponges  and  of  the  large  spicules  of  megamorine  lithistids. 

Haldon  Hills,  Devonshire. — The  upper  portion  of  these  hills,  like  those  at  Black- 
down,  about  twenty  miles  to  the  north-east,  consists  of  beds  of  upper  greensand 
age.  A  section  of  about  30  feet  (8 '7  m.)  of  strata  is  exposed  by  the  side  of 
the  high  road  between  Exeter  and  Dawlish.  The  beds  are  principally  of  quartzitic 
and  glauconitic  sands,  with  nodules  and  bands  of  chert.  The  sponge-remains  princi¬ 
pally  occur  in  a  layer  of  chert  from  8  inches  to  1  foot  in  thickness,  and  in  a  bed  of 
reddish-brown  quartz-sand,  10  feet  in  thickness,  at  the  base  of  the  section.  The  sand 
is  unconsolidated,  and  it  is  in  places  filled  with  detached  sponge-spicules,  which  can 
be  obtained  quite  free  from  the  matrix.  The  spicules  are  for  the  most  part  similar  in 
form  to  those  at  Blackdown,  but  they  are  not  so  well  preserved.  The  silica  of  these 
spicules  is  partly  crystalline  and  partly  chalcedonic. 

Axmouth,  Beer  Head,  Devonshire. — I  have  not  had  an  opportunity  of  examining 

*  “  Strata  below  tbe  Chalk,”  ‘  Geological  Transactions,’  2  ser.,  vol.  iv.,  p.  340,  pi.  15a. 

f  Quart.  Journ.  Geo1.  Soc.,  vol.  xxxviii.,  p.  81. 
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the  sections  of  the  upper  greensand  at  these  places,  but  according  to  Mr.  C.  J.  A. 
Meyer,'"  there  is  one  bed  (No.  6)  of  a  light-coloured  sand,  with  chert  in  nodules  or 
layers,  varying  from  7  to  25  feet  (2’1  to  7‘ 5  m.)  in  thickness,  which  is  crowded  with 
sponge-spicules.  Dr.  BarroisI  places  this  bed  on  the  same  geological  horizon  as  the 
Blackdown  deposits,  but  Mr.  Meyer  believes  it  to  be  above  these  latter. 


Sponge-beds  in  deposits  of  corresponding  age  in  Germany,  France,  and  Belgium. 

The  general  distribution  of  beds  of  sponge- remains  in  the  lower  and  upper  green¬ 
sands  of  the  south  of  England  would  of  itself  furnish  a  strong  probability  that  similar 
beds  might  also  occur  in  the  same  formations  on  the  Continent.  This  has  already 
been  shown  to  be  the  case  with  respect  to  the  Hils-sandstein  in  Westphalia,  and  I  am 
enabled  to  bring  forward  some  evidence  of  the  presence  of  sponge-beds  in  strata  of 
cenomanian  age  in  France  and  Belgium. 

Hils-sandstein,  Westphalia. — This  formation,  which  has  a  thickness  of  150  m. 
(492  feet),  was,  until  1879,  believed  to  be  an  ordinary  sandstone  composed  of  quartz- 
sand  and  mica  cemented  by  silica.  It  was  then  stated  by  Herr  Wgeckener  |  to  be 
largely  composed  of  huge  sponges  of  irregular  form,  but  Professor  Zittel  §  showed 
that  the  supposed  sponges  were  in  reality  nodular  masses  of  rock  filled  with  sponge- 
spicules  or  their  casts,  and  that  this  rock  was  of  organic  origin  and  filled  with  the 
remains  of  sponges  which  lived  on  a  sandy  sea-bottom.  The  character  of  the  rock 
very  closely  resembles  the  sponge-beds  of  Haslemere,  and  the  formation  is  on  the 
same  geological  horizon  as  the  lower  greensand. 

France  and  Belgium. — The  description  given  by  Dr.  Charles  Barrois||  of  the 
petrological  characters  of  the  so-called  gaize  de  TArgonne  corresponded  so  exactly 
with  the  characters  of  the  sponge-becls  in  the  upper  greensand  that,  in  default  of  an 
opportunity  of  seeing  this  rock  in  situ,  I  applied  to  Dr.  Barrois  to  furnish  me  with 
hand-specimens  of  it.  My  request  was  most  kindly  complied  with,  and  the  specimens 
which  Dr.  Barrois  supplied  to  me  from  different  localities  fully  confirmed  the  antici¬ 
pations  which  I  had  formed  that  the  gaize  was  of  organic  origin,  and  largely  composed 
of  the  remains  of  sponges.  The  specimens  were  obtained  from  the  following  localities, 
and  I  append  short  descriptions  of  their  characters  : — 

(1.)  Grand  Pre,  Ardennes. — The  gaize  is  a  gray  or  grayish-yellow  rock  with  bluish 
spots,  soft  to  the  feel,  friable,  and  very  porous.  It  appears  to  be  principally  of  amor- 

*  Quart.  Journ.  Geol.  See.,  vol.  xxx.,  1874,  p.  373. 

t  ‘  Reclierches  sur  le  terrain  cretace  de  l’Angleterre,’  p.  70. 

+  '  Zeitschrift  der  deutschen  geologischen  Gesellschaft,’  vol.  xxxi.,  1879,  p.  663. 

§  Id.,  p.  786. 

||  ‘  Annales  de  la  Societe  Geologique  du  Nord,’  tome  v.,  1877-78,  p.  153.  Tlie  author  says,  “  Cette 
gaize  est  une  roche  teudre,  legere,  argileuse  et  silicieuse,  tres  poreuse ;  elle  se  delite  a  Lair  avec  la  plus 
grande  facilite ;  sa  couleur  est  grise;  elle  contient  cinquante  pour  cent  de  silice  gelatineuse.” 
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phous  silica  in  minute  granules  ;  there  are  also  grains  of  quartz-sand,  minute  scales  of 
mica,  and  some  glauconite.  The  rock  is  interpenetrated  throughout  with  the  empty 
casts  of  spicules,  which  give  to  it  its  porosity  and  lightness.  A  few  of  the  spicules 
themselves  also  remain,  and  these  are  of  amorphous  silica,  like  the  matrix.  The 
specimen  is  a  typical  example  of  a  fossil  sponge-bed.  Its  characters  correspond  closely 
with  the  upper  greensand  malm  of  Merstham,  but  the  gaize  contains  no  calcite,  and 
the  silica,  though  amorphous,  is  not  redeposited  in  the  globular  form.  How  far  the 
specimen  sent  me  may  represent  the  general  characters  of  the  gaize  de  l  Argonne, 
which  is  stated  to  be  100  metres  (328  feet)  in  thickness,  I  am  unable  to  determine, 
but  if  it  is  a  fair  sample  of  this  deposit,  it  forms  an  immense  bed  of  sponge- 
remains,  which  far  exceeds  in  thickness  those  present  in  the  greensands  of  this 
country. 

(2.)  Montblainville ,  Meuse. — The  specimens  of  gaize  are  soft,  minutely  porous, 
of  a  bluish-gray  tint,  with  yellowish-gray  bands,  which  appear  to  be  the  remains  of 
entire  sponges,  now  decomposed  beyond  recognition.  The  rock  is  largely  of 
amorphous  silica,  entirely  negative  to  polarised  light,  and  it  is  partly  present  in  the 
globular  form.  The  globules  or  discs  are  of  the  same  transparent  hyaline  character 
as  those  from  Farnham,  but  the  majority  of  them  are  smaller  ;  they  are  from  ’006  to 
*02  mm.  in  diameter.  In  addition  to  the  remains  of  entire  sponges,  the  matrix  is  filled 
with  the  minute  casts  of  detached  spicules  as  well  as  some  of  the  spicules  themselves. 
The  silica  of  these  is  amorphous,  and  appears  to  be  assuming  the  globular  form,  like 
that  of  the  matrix.  A  further  peculiarity  of  these  spicules  is  that  the  concentric 
layers  of  silica  composing  their  walls  can  be  detected  under  the  microscope.  The 
specimens  are  from  a  true  sponge-beck 

(3.)  Bracquegnies.  —  Meule  (gaize)  zone  a  Ammonites  inflatus. — The  specimens 
of  this  rock  are  extremely  light,  porous,  and  friable.  The  rock  is  rough  to  the  feel,  of 
a  greenish- white  tint,  with  numerous  green  specks  in  it;  it  has  generally  the  aspect 
of  pumice.  Its  structure  resembles  that  of  the  gaize  from  Grand  Pre.  The  silica 
is  largely  amorphous,  occasionally  in  the  globular  form,  but  usually  in  minute  irregular 
particles.  It  is  throughout  filled  with  spicules  and  empty  spicular  casts.  According 
to*  M.  M.  Briart  and  Cornet,  this  meule  de  Bracquegnies  contains  large  quantities  of 
soluble  silica,  as  well  as  silica  in  the  form  of  chalcedony,  and  judging  from  the 
specimen  forwarded  to  me  by  Dr.  Barrois,  this  silica  has  been  derived  from  the 
solution  of  the  siliceous  sponge-spicules  with  which  the  rock  was  filled.  The  able 
authors  above  mentioned  have  very  fully  described  the  larger  fossils  in  the  meule, 
which  appear  to  be  on  the  same  geological  horizon  as  the  Blackdown  sponge-beds, 
but  they  do  not  seem  to  have  noticed  the  sponge-remains  to  which  the  deposit  owes 
its  principal  mineralogical  characters. 

(4.)  Rumigny,  Ardennes.- — Gaize  (albien). — Thisrock  is  hard,  of  a  greenish-gray 
tint,  from  the  coarse  glauconite  grains  with  which  it  is  filled.  The  silica  which 

*  ‘L’Academie  Royale  des  Sciences,  &c.,  de  Belgique,’  tome  xxxiv.,  1867 — 70. 
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cemeuts  the  particles  is  partly  amorphous  and  partly  chalcedonic.  It  contains  spicules 
and  fragments  of  lithistid  and  hexactinellid  sponges,  but  not  sufficiently  numerous 
to  be  deemed  a  sponge-bed. 

(5.)  Chaumont  de  Porcion,  Ardennes. — Marne  de  Givron. — This  rock,  which 
occurs  at  a  slightly  higher  horizon  than  the  gaize,  is  of  a  grayish  tint  and  soft 
structure.  It  consists  largely  of  calcite,  with  glauconite,  and  a  small  quantity  of 
colloid  silica  in  the  globular  form.  There  are  fragments  of  entire  sponges  in  it,  as 
well  as  traces  of  detached  spicules,  but  these  do  not  bear  sufficient  proportion  to  the 
other  materials  to  constitute  it  a  sponge-bed.  In  another  specimen  of  the  same  rock, 
from  Givron  itself,  the  sponges  have  been  replaced  by  iron  peroxide,  like  those  of  the 
lower  and  upper  chalk  of  this  country. 

II.  Mineral  Conditions  of  the  Sponge-Remains  and  of  the  Beds  derived 

FROM  THEM. 

With  the  single  exception  of  the  sponges  in  the  lower  greensand  strata  at 
Faringdon,  which  are  calcisponges,  the  spicular  remains  forming  the  sponge-beds 
above  referred  to,  both  from  the  lower  and  upper  greensand,  are  exclusively  those  of 
siliceous  sponges.  These  spicular  remains  resemble  so  closely  those  of  existing 
siliceous  sponges,  that  the  silica  of  which  they  are  formed  may  be  assumed  to  have 
been  originally  in  the  same  colloid,  hydrated  condition  in  which  it  is  present  in  the 
skeleton  of  recent  forms.  But  no  fossil  sponge  is  yet  known  in  which  the  spicular 
skeleton  retains  that  transparent  hyaline  condition  which  is  so  striking  a  feature  of 
recent  siliceous  sponges  ;  the  silica,  in  all,  has  undergone  various  molecular  alterations, 
and  now  presents  numerous  gradations  between  the  amorphous  or  colloid  and  the 
crystalline  state.  Further,  the  changes  in  the  fossil  sponges  have  not  been  limited  to 
alterations  in  the  condition  of  the  silica  merely,  but  the  silica  itself  has  frequently 
been  partially  or  entirely  dissolved  and  replaced  by  calcite,  glauconite,  and  other 
minerals,  or  removed,  leaving  the  empty  cast  of  the  spicule.  These  modifications  of 
the  fossil  sponge  skeleton  were  first  made  known  by  Zittel  and  Sollas,  and  though 
at  first  regarded  with  doubt,  on  account  of  the  supposed  stability  of  silica,  are  now 
generally  recognised.  The  investigations  of  #Mr.  Hanna y,  and  those  of  M. 
Thoulet,!  have  proved  that  the  silica  of  recent  sponges  is  readily  susceptible  to  the 
influences  of  the  chemical  ingredients  of  sea-water,  and  has  a  strong  tendency  to 
dissolution  after  the  death  of  the  animal,  so  that  the  changes  in  the  silica  of  the  fossil 
spicules  are  only  such  as  may  have  been  anticipated. 

To  a  great  extent  the  accumulated  masses  of  detached  spicules  in  the  sponge-beds 
present  the  same  modifications  arising  from  fossilisation  as  those  of  entire  sponges, 
which  have  hitherto  been  mostly  studied,  but  in  the  sponge-becls  we  have  also  to  take 

*  ‘  Memoirs  of  the  Literary  and  Philosophical  Society  of  Manchester,’  vol.  vi.,  3  s.,  p.  234. 

t  1  Bulletin  de  la  Societe  mineralogique  de  France,’  tome  vii.,  1884,  p.  147. 
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into  consideration  the  mineral  characters  of  the  deposits  in  which  the  sponge-remains 
are  imbedded,  which  in  many  cases  are  derived  from  the  spicular  remains  themselves. 

The  detached  spicules  of  the  sponge-beds  are  now  in  the  following  mineral  con¬ 
ditions  : — 

I.  Silica ;  either  in  the  amorphous  or  colloid  state ;  or  crypto-crystalline  like 
chalcedony ;  or  crystalline. 

II.  Glauconite  and  other  silicates. 

III.  Crystalline  calcite. 

The  beds  or  matrix  inclosing  the  spicules,  in  addition  to  such  mechanically 
derived  constituents  as  quartz-sand,  mica,  and  grains  of  glauconite,  also 
contain  silica  in  the  same  forms  as  in  the  spicules,  and  calcite,  either  granular 
or  crystalline.  The  calcite  is  probably  of  organic  origin,  and  derived  from  the 
remains  of  foraminifera  and  other  organisms. 

IV.  The  spicules  also  occur  in  the  negative  form,  in  which  the  silica  has  been 
entirely  removed,  and  the  casts  are  either  empty,  or  merely  contain  the  solidi¬ 
fied  canal  of  the  spicule. 

A.s  the  mineral  characters  of  the  spicular  remains,  and  of  the  beds  in  which 
they  are  inclosed  are,  to  a  great  extent,  interdependent,  it  is  more  convenient 
to  consider  them  in  connection  wdth  each  other. 

1.  Spicules  and  matrix  of  colloid  silica. — The  spicules  which  yet  retain  the  silica  in 
the  amorphous  condition  are,  as  a  rule,  more  perfectly  preserved  than  those  in  which 
the  silica  is  partially  crystalline  ;  their  surfaces  are  smooth  and  even,  and  their  canals 
are  distinctly  shown.  They  are  of  a  milky-white  or  opal  tint  by  reflected  light,  and, 
when  mounted  in  Canada  balsam  are  nearly  transparent.  Between  crossed  nicols, 
the  spicular  walls  are  entirely  neutral,  though  the  canals,  which  are  frequently  infilled 
with  chalcedonic  silica,  are  doubly  refracting.  Viewed  by  transmitted  light  the 
spicular  walls  can  be  seen  to  be  traversed  in  all  directions  by  very  minute  curved  lines 
(Plate  40,  fig.  8),  which,  under  high  powers,  are  resolved  into  incomplete  elliptical  rings, 
with  smooth  even  rims  (Plate  40,  fig.  9).  Besides  this  tendency  to  circular  aggregation, 
the  silica  of  the  spicules  frequently  exists  as  very  minute  granules  of  irregular  forms, 
showing  by  transmitted  light  a  decided  pinkish  tint.  In  no  instance  does  the  spicular 
canal  exist  as  a  hollow  tube,  but  it  has  been  filled  either  with  silica,  glauconite,  or 
other  silicate,  or,  rarely,  with  a  ferrous  compound.  The  infilling  material  is  generally  of 
a  more  resistant  nature  than  the  walls  of  the  spicules,  so  that  the  walls  ai’e  frequently 
entirely  dissolved,  whilst  the  materials  which  have  infilled  the  canal  remain  intact  and 
retain  the  form  of  the  spicule,  and  might  readily  be  mistaken  for  the  entire  spicule 
(Plate  45,  figs.  14,  14«). 

By  treating  the  spicules  of  colloid  silica  with  heated  caustic  potash  the  greater 
portion  of  their  substance  is  dissolved,  but  their  infilled  canals  remain,  and  not 
infrequently  the  form  of  the  spicule  is  retained  by  a  greenish-white  mineral,  which, 


LOWER  AND  UPPER  GREENSAND  OF  THE  SOUTH  OF  ENGLAND.  427 

when  examined  in  Canada  balsam,  appears  to  be  filled  with  exceedingly  minute 
granules  in  a  transparent  ground-mass.  These  residuary  spicules  give  a  very  slight 
double  refraction  between  crossed  nicols.  In  some  instances  one  portion  of  a 
residuary  spicule  is  of  glauconite,  or  at  least  has  the  green  appearance  of  this  mineral, 
whilst  the  other  portion  is  of  this  transparent  mineral  ;  and  there  is  a  gradual  transi¬ 
tion  from  one  to  the  other,  As  nitric  acid  has  no  more  influence  on  this  mineral  than 
it  has  on  the  glauconite,  it  is  probably  some  silicate  allied  to  glauconite. 

These  residuary  spicules  of  glauconite  and  other  silicates,  which  remain  after  dis¬ 
solving  awray  the  silica  by  caustic  potash  are  also  produced  under  natural  conditions, 
and  they  are  very  common  in  the  loose  material  of  the  cavities  in  the  chert  of  the 
upper  greensand  at  Warminster  in  association  with  unaltered  colloid  spicules,  and  in 
similar  positions  at  Ventnor,  where  they  have  been  nearly  wholly  reduced  to  this 
condition  (Plate  45,  figs.  15-15e  and  1G). 

Fossil  siliceous  spicules,  with  the  silica  in  an  amorphous  condition,  are  of  rare 
occurrence  in  comparison  with  the  numerous  instances  in  which  the  silica  is  crypto¬ 
crystalline  or  even  crystalline,  and  they  have  not  been  previously  noticed  in  this 
country,  They  are,  however,  abundant  in  the  sponge-beds  of  the  northern  margin 
of  the  Weald,  also  at  Wallingford,  Warminster,  and  Penzlewood.  Both  spicules 
and  entire  sponges  of  amorphous  silica  are  also  common  in  glauconitic  marls  of 
senonian  age  in  Westphalia  and  Hanover,  from  whence  they  have  been  described 
by  Professor  Ztttel.^ 

The  beds  in  which  the  spicules  of  amorphous  silica  are  inclosed,  also  frequently 
contain  an  important  quantity  of  silica  in  the  colloid  state,  amounting  in  the  case  of 
the  malm  at  Farnham,  recorded  by  Messrs.  Way  and  Paine,!  to  as  much  as  75  per 
cent.  In  some  instances,  however,  whilst  the  spicules  are  of  colloid  silica,  the  in¬ 
closing  matrix  is  of  chalcedonic  and  even  partially  of  crystalline  silica,  and  calcite  is 
also  present. 

The  presence  in  the  same  beds  of  silica  in  an  amorphous  condition,  with  the  siliceous 
spicules  in  a  similar  state,  taken  in  connection  with  the  fact  that  the  beds  are  filled 
with  empty  spicular  casts  from  which  the  spicules  have  been  dissolved,  and  that  many 
of  the  spicules  are  residuary  forms  which  have  lost  all  their  soluble  silica,  points  to 
the  conclusion  that  the  colloidal  silica  in  the  beds  has  been  directly  derived  from  the 
breaking  up  and  dissolution  of  the  sponge-remains. 

The  colloidal  silica  of  the  sponge-beds  occurs  in  the  form  of  minute  granules,  similar 
to  those  in  the  spicules,  and  also  in  a  globular  form,  that  is  to  say,  in  very  minute 
bodies  with  circular  outlines,  though  not  strictly  of  a  spherical  form.  The  siliceous 
bodies  can  be  examined  in  thin  microscopic  sections  from  the  harder  portions  of  the 
malm  of  Godstone  and  other  places  ;  but  their  characters  are  still  better  shown  in  the 

*  “  Ueber  Coaloptyohimn.”  ‘  Abhandlung  der  konigl.  Akad.  der  Wiss,  zu  Miincben.’  XII.  Band, 
iii.  Ab.  Also,  “  Studien  fiber  fossile  Spongien.”  Id.,  XTII.  Bd.,  i.  Ab. 

t  ‘  Journal  of  the  Royal  Agricultural  Society,’  vol.  xiv  ,  p.  243. 
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fine  powder  from  the  cavities  in  the  chert  of  Warminster,  and  in  the  powder  which 
may  be  obtained  with  a  needle  from  fractured  surfaces  of  the  friable  portions  of  the 
malm  of  Merstham  or  Farnham.  When  this  powder  is  mounted  in  water  or  in  Canada 
balsam,  it  is  seen  under  the  microscope  largely  to  consist  of  the  globular  bodies,  either 
single  and  cpiite  free  (Plate  45,  figs,  18,  19,  19c/),  or  in  groups  of  two,  or  three,  or 
several  individuals  united  together  (Plate  45,  figs.  18a,  b,  19a,  b,  c).  The  single 
globules  present  well-defined  circular  outlines  ;  the  individuals  forming  the  groups  are 
also  circular,  except  where  in  contact  they  partially  coalesce,  and  their  margins 
beoome  abruptly  truncated.  In  some  instances  the  globules  are  ranged  in  a  linear 
series,  in  which  the  individual  components  are  only  indicated  by  slight  lateral  inden¬ 
tations.  Frequently  these  bodies  ar'e  clustered  round  the  residuary  spicules  and 
attached  to  the  solidified  canals  of  spicules,  whose  walls  have  been  dissolved  away 
(Plate  45,  fig.  16).  In  the  malm  of  Farnham  the  globules  in  some  instances  are  aggre¬ 
gated  into  larger  spherical  bodies. 

These  globules,  when  magnified  about  500  diameters,  present  well-marked  varia¬ 
tions.  In  the  commonest  forms  there  is  a  marginal  ring,  about  one-sixth  the  diameter 
of  the  globule,  which  seems  to  be  faintly  striate,  whilst  the  central  portion  has  a 
granular  appearance  (Plate  45,  fig,  18).  In  another  form  the  surface  is  covered  with 
faint  striae  which  radiate  from  an  indefinite  central  granule  (Plate  45,  fig.  19 d).  In 
another  form,  which  is  nearly  entirely  confined  to  the  fine  material  from  the  War¬ 
minster  chert,  there  is  a  central  well-marked  circular  area,  from  one-third  to  one-fifth 
the  diameter  of  the  globule  (Plate  45,  figs.  19,  a,  b,  c ).  This  central  area  is  usually 
furnished  with  an  ill-defined  nuclear  spot,  and  its  margins  are  lighter  than  the  outer 
portion  of  the  globule,  which  is  radiately  striated.  The  strife  or  rays  are,  in  all  cases, 
of  a  very  faint  character,  and  distinguishable  only  in  the  best  preserved  examples. 
The  very  smallest  and  simplest  globules  consist  of  perfectly  clear  silica  without  stria? 
or  granules. 

It  is  somewhat  difficult  to  ascertain  with  precision  the  true  form  of  these  minute 
bodies.  Some  are  certainly  plano-convex  discs,  others  are  biconvex,  and  the  smaller 
bodies  may  approach  a  spherical  form. 

The  globules  are  very  variable  in  size  ;  the  smallest  forms  are  only  ’0014  mm.  in 
diameter,  and  from  this  there  are  all  gradations  of  size  to  bodies  of  *045  mm.  in  width, 
or  more  than  thirty  times  the  diameter  of  the  smaller.  The  majority  of  them  vary 
between  ‘013  and  '02  mm.  in  width. 

By  transmitted  light  the  globules  are  translucent,  and  present  the  same  pinkish 
tint  as  the  colloidal  silica  of  the  spicules  ;  by  reflected  light  they  have  also  the  same 
bluish-white  or  opal  aspect  as  the  spicules.  They  are  negative  between  crossed 
nicols,  when  freed  from  particles  of  calcite,  which  are  often  present,  in  the  same 
deposits.  They  also  readily  dissolve  -when  treated  with  caustic  potash, 

In  the  soft,  friable  beds  of  malm,  the  siliceous  globules,  which  frequently  constitute 
a  large  proportion  of  its  mass,  are  mostly  free,  or  but  lightly  consolidated  together  by 
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pressure,  but  in  the  harder  nodular  portions  they  are  inclosed  by  transparent  chalce- 
donic  silica,  and  seem  to  be  gradually  passing  into  the  crypto-crystalline  condition. 
They  also  appear  at  times  to  be  invested  with  a  surface  layer  of  minute  crystals  of 
chalcedony. 

In  some  cases  the  silica  seems  to  have  assumed  the  globular  form  within  the  sponge- 
spicules,  but,  as  a  general  rule,  the  silica  of  the  spicules  must  have  been  dissolved  and 
then  re-deposited  as  minute  globules.  I  am  not  prepared  to  explain  the  causes  which 
have  produced  this  singular  method  of  deposition  ;  the  chemical  and  physical  forces 
which  have  brought  it  about  have  not  been  affected  by  extraordinary  influences  of 
heat  or  pressure,  since  the  rocks  are  normal  sedimentary  deposits,  and  show  no  traces 
of  alteration  from  these  causes.  There  is  no  apparent  reason  why,  under  similar  con¬ 
ditions  of  deposition  and  fossilisation,  the  sponge-remains  of  the  siliceous  and  siliceo- 
calcareous  deposits  of  the  malm  and  firestone  should  have  retained  the  original  colloid 
condition  of  the  silica,  and  the  silica  of  the  spicules  when  dissolved,  should  have 
assumed  the  globular  form  without  passing  from  its  hydrated  condition,  whilst  in 
similar  remains  in  most  of  the  other  greensand  sponge-beds,  the  silica  of  the  spicules 
has  become  altered  to  the  more  stable  condition  of  chalcedony,  and  even  to  crystalline 
quartz,  and,  when  the  spicules  have  been  dissolved,  the  silica  has  been  deposited  in 
layers  and  nodules  of  chalcedonic  chert.  The  change  of  the  originally  colloid  silica 
of  the  sponge-remains  into  the  crypto-crystalline  and  crystalline  condition  is,  indeed, 
that  which  nominally  takes  place  in  the  course  of  fossilisation,  and  has  been  noticed 
in  connexion  with  fossil  sponges  from  silurian  to  upper  cretaceous  strata,  and  it  is 
only  under  the  particular  circumstances,  of  which  we  are  at  present  ignorant,  that  the 
colloidal  state  of  the  silica  has  been  retained. 

Sedimentary  deposits  consisting  in  part  of  colloidal  silica  in  a  globular  form  seem  to 
be  of  rare  occurrence  ;  at  all  events,  I  cannot  find  any #  previous  notice  of  this 
character.  But  colloidal  silica  in  a  globular  form  has  been  recorded  in  rocks  of 
volcanic  origin.  Thus  Vogelsang!  describes  and  figures,  from  a  quartz-trachyte  from 
near  Schemnitz,  and  also  from  Borsva,  spherulitic  bodies,  the  so-called  Globuliten,  of 
isotropic  silica,  and  of  approximately  similar  dimensions  to  the  greensand  globules. 
Michel  Levy|  has  also  discovered  silica  in  a  globular  form  and  isotropic  condition  in 
eurites  from  Les  Settons.  It  is  worthy  of  notice,  also,  that  there  is  a  remarkable 
similarity,  both  of  form  and  size,  between  the  colloid  siliceous  globules  of  the  greensand 
and  the  calcareous  bodies  artificially  produced  by  the  reaction  of  ammonia  carbonate 

*  Professor  Zittel  mentions  the  fact  that  after  treating  with  acid  the  now  calcified,  or  partially 
calcified,  siliceous  sponges  from  jurassio  strata  the  residue  contains  numerous  rounded,  rough,  deeply 
indented  siliceous  discs.  “  Studien  fiber  fossile  Spongien,”  I.  Hexactinellidae.  ‘Abhandl.  der  konigl.  bay. 
Akad.  der  Wiss.,’  II.  Cl.,  XIII.  Bd.,  I.  Ab.,  p.  14.  I  have  not  seen  these  bodies,  but  I  should  judge  from 
the  description  of  them  that  they  are  much  larger,  and  that  they  further  differ  from  those  under  con¬ 
sideration  in  being  either  crystalline  or  crypto-crystalline. 

t  Die  Krystalliten,’  pp.  139,  142,  taf.  xv.,  figs.  1,  2. 

f  Bulletin  de  la  Societe  Geologique  de  France,’  3me  ser.,  t.  v.,  1877,  p.  140. 
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and  calcium  chloride,  which  have  been  figured  by  Vogelsang.  #  Similar  calcareous 
globules  or  discs  of  natural  origin  have  been  discovered  by  BarroisI  filling  the  cavities 
of  shells  and  corals  in  the  devonian  limestones  of  Spain,  which,  though  inorganic,  he 
believes  to  be  of  the  same  nature  as  fossil  and  recent  coccoliths.  j 

There  is  at  first  sight  a  great  similarity  between  the  colloidal  globules  from  the 
greensand  and  recent  coccoliths  from  the  Atlantic  deep-sea  mud,  but  the  globules  are 
round  and  not  elliptical  in  figure,  they  do  not  occur  in  the  sleeve-link  form,  and  they 
coalesce  together  in  a  manner  which  has  never  been  observed  in  coccoliths.  There  is 
therefore  no  ground  for  the  supposition  that  they  are  silicified  coccoliths.  For  the 
sake  of  comparison,  I  have  represented  on  Plate  45,  fig.  20,  a  coccolith  of  average 
size  from  the  Atlantic  ooze  on  the  same  scale  as  the  globules. 

The  sponge-remains  which  are  now  of  chalcedonic  and  crystalline  silica  have  a 
very  different  aspect  to  those  in  which  the  silica  is  colloidal.  By  reflected  light  they 
have  somewhat  the  appearance  of  ground  glass,  and  when  mounted  in  Canada  balsam 
they  become  nearly  invisible  ;  in  glycerine,  however,  their  forms  are  very  distinctly 
shown.  The  surface  of  the  spicules  in  this  condition  is  usually  rough  and  eroded,  so 
that  it  sometimes  has  a  reticulated  appearance  ;  at  other  times  it  seems  covered  with 
minute  circular  spots  of  about  ‘006  mm.  in  diameter.  These  spots  sometimes  appear 
to  be  minute  excavations  in  the  surface  of  the  spicule,  in  other  cases  they  look  like 
minute  mammiform  or  botryoidal  elevations.  This  surface  character  is  very  con¬ 
spicuous  in  the  spicules  from  Haldon  and  Blackdown,  and  has  already  been  noticed 
by  Mr.  Carter. §  The  surface  of  spicules  which  have  been  changed  to  crystalline 
silica  is  less  eroded  than  the  exterior  of  those  in  which  the  silica  is  in  the  condition 
of  chalcedony.  These  crystalline  spicules  frequently  exhibit  a  finely  radiate  structure 
(Plate  45,  fig.  17). 

The  canals  of  spicules  in  which  the  silica  is  either  chalcedonic  or  crystalline  are  less 
regularly  preserved  than  those  of  spicides  of  colloidal  silica.  In  the  majority  of 
spicules  no  canal  at  all  is  visible,  but  this  probably  arises  from  the  fact  that  the  canal 
having  been  infilled  with  chalcedonic  silica  of  the  same  character  as  that  of  the  walls, 
cannot,  either  by  ordinary  or  by  polarised  light,  be  distinguished  therefrom.  In  other 
instances  the  canals  are  infilled  with  glauconite  or  with  a  light-brown  or  opaque 
mineral,  not  improbably  iron  peroxide.  Not  infrequently  the  solidified  canal  is  dis¬ 
continuous  and  broken  up,  and  no  longer  occupies  the  normal  position  in  the  axis  of 
the  spicule,  but  is  deflected  to  near  its  outer  surface  (Plate  42,  figs.  36,  6a).  In  many 
instances,  even  in  these  spicules  of  chalcedonic  silica,  the  silica  which  has  infilled  the 

*  ‘Die  Krystalliten,’  p.  87,  taf.  si.,  fig.  1. 

t  ‘  Recherches  sur  les  Terrains  Anciens  des  Asturies  et  de  la  Galice,’  p.  45,  pi.  si.,  fig.  4. 

J  Dr.  Gumbel  also  regards  tliese  minute,  round,  calcareous  bodies,  which  he  has  discovered  in  lime¬ 
stones  and  marls  of  various  geological  epochs,  as  coccoliths,  but  their  identity  with  the  genuine  coccoliths 
of  the  Atlantic,  described  by  Huxley  and  by  Wallich,  is  open  to  doubt. 

§  “Fossil  Sponge-spicules  of  the  Greensand  compared  with  those  of  existing  Species.”  Annals  and 
Mag.  Xat.  Hist.,  s.  4,  vol.  vii.,  p.  114. 
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canal  resists  dissolution  more  than  the  spicular  walls,  and  the  solidified  canal  remains 
either  wholly  or  partially  free  after  the  enclosing  wall  has  been  removed  (Plate  45, 
fig.  13). 

II.  Spicules  replaced  by  glauconite  and  other  silicates. — Not  only  do  these  minerals 
infill  the  canals  of  the  spicules,  but  they  also  replace  the  spicular  walls  as  well.  The 
replacement  seems  to  have  been  gradually  effected  from  within  outwardly  ;  the  dis¬ 
solution  of  the  silica  of  the  spicule  taking  place  by  the  enlargement  of  the  axial  canal, 
and  as  this  progresses  the  glauconite  and  allied  minerals  occupy  the  place  of  the 
silica  until  they  constitute  the  entire  spicule.  These  glauconitic  spicules  are  very 
common  in  the  malm  and  firestone  of  Merstham  and  Godstone,  and  also  in  the  cavities 
of  the  chert  at  Yentnor.  In  this  latter  they  are  very  strangely  contracted  and 
distorted,  and  assume  figures  which  might  have  been  produced  by  the  gradual 
desiccation  of  a  gelatinous  body,  The  normally  straight  shafts  and  rays  of  the 
spicules  are  bent  and  curved  in  various  directions,  and  even  occasionally  become 
spiral  (Plate  45,  figs.  15a,  b,  c,  d). 

III.  Spicules  replaced  by  crystalline  calcite. — In  every  case  in  which  this  replace¬ 
ment  occurs  the  matrix  enclosing  the  spicules  is  of  calcite,  generally  in  a  finely 
granular  condition.  The  change  seems  to  have  taken  place  in  the  detached  spicides 
in  the  same  manner  in  which  it  has  long  been  known  to  occur  in  entire  fossil  sponges. 
The  original  silica  of  the  spicules  has  been  dissolved  subsequent  to  the  enclosure  of 
the  spicules  in  the  calcitic  matrix,  and  the  crystalline  calcite  has  then  filled  up  the 
moulds  (Plate  40,  fig.  4).  In  some  cases  the  spicular  canals  have  been  infilled  with 
glauconite  before  the  calcitic  replacement  has  been  effected.  The  change  to  calcite  is 
not  complete  in  all  the  detached  spicules  in  the  same  bed,  since  some  occur  in  which 
the  siliceous  structure  remains  unaltered.  Sponge-beds,  with  the  spicules  replaced 
by  calcite,  occur  in  the  lower  greensand  at  Maidstone,  Tilburstow  Hill,  and  Hythe, 
and  in  the  upper  greensand  malm  at  Selborne. 

IY.  Spicules  represented  by  empty  moulds. — One  of  the  commonest  features  of  the 
sponge-beds  is  the  empty  moulds  or  casts  of  spicules  with  which  the  beds  are  filled, 
which  have  been  produced  by  the  complete  dissolution  of  the  siliceous  spicules.  In 
some  cases  the  solidified  canal  has  resisted  the  solvent  influence  which  has  removed 
the  spicular  wall,  and  now  remains  as  a  slender,  smooth,  delicate  rod  in  the  centre  of 
the  mould.  These  empty  casts  are  present  alike  in  the  soft,  friable,  siliceous,  and 
siliceo-calcareous  sponge-beds  of  the  malm  and  firestone,  in  the  fine  sedimentary 
deposits  of  the  lower  division  of  the  upper  greensand  in  the  Isle  of  Wight,  in  the 
porous  siliceous  rock  which  generally  accompanies  chert,  occasionally  also  in  chert, 
and  in  a  matrix  entirely  of  calcite.  It  is  to  the  dissolution  and  removal  of  the 
siliceous  spicules  that  the  sponge-beds  owe  their  porous  character  and  low  specific 
gravity.  The  silica  derived  from  the  solution  of  the  spicules  appears  usually  to  have 
been  redeposited  in  the  small  interspaces  between  them,  or  to  have  accumulated  to 
form  nodular  masses  and  layers  of  chert.  Where  the  silica  has  been  redeposited  in 
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the  colloid  condition  the  sponge-beds  are  usually  friable  and  incoherent,  but  where  it 
has  been  redeposited  as  chalcedony,  the  beds  are  of  a  hard,  resistant  character,  and 
serve,  as  already  mentioned,  for  whetstones  and  other  economical  purposes. 

Beds  of  chert. — The  chert  associated  with  the  sponge-beds  of  the  lower  and  upper 
greensand  varies  from  a  light  pellucid  to  a  dark  brown  tint ;  it  is  readily  translucent 
in  thin  sections.  It  is  highly  brittle,  and  sufficiently  hard  to  scratch  glass.  It  shows 
no  reaction  in  nitric  acid,  and  may  thus  be  assumed  to  be  free  from  calcite.  Thin 
microscopic  sections  exhibit  a  nearly  transparent  ground-mass  of  chalcedonic — some¬ 
times  partially  also  of  crystalline— silica,  in  which  are  numerous  sponge-spicules,  and 
also  occasionally  entire  and  fragmentary  foraminifera  and  fragments  of  echinoderm 
structure.  In  some  cases  also  grains  of  quartz-sand  and  glauconite  are  present.  The 
chalcedonic  silica  forming  the  ground-mass  can  be  seen  in  many  cases  to  have  been 
deposited  in  concentric  layers  over  the  enclosed  siliceous  and  calcareous  organic 
remains ;  it  also,  when  partially  crystalline,  exhibits  a  radiate  fibrous  structure 
(Plate  40,  fig.  3). 

Throughout  the  chert,  sponge-spicules  are  present,  but  owing  to  the  fact  that  the 
spicules  are  usually  of  chalcedony,  like  the  ground-mass  of  the  chert  in  which  they 
are  enclosed,  their  outlines  are  very  indistinct.  But  even  when  the  spicules  them¬ 
selves  cannot  for  this  reason  be  recognised,  their  former  presence  is  indicated  by  the 
solidified  canals,  which  being  of  glauconite,  or  of  silica  of  a  different  tint  to  that  of 
the  matrix,  are  distinctly  shown  (Plate  40,  fig.  3.).  In  some  cases  the  spicules  have 
been  dissolved  after  the  chert  has  formed  round  them,  leaving  empty  moulds. 

Intimately  allied  to  the  chert  is  the  yellowish-gray  porous  rock  which  frequently 
forms  an  exterior  crust  to  the  chert,  but  sometimes  also  forms  independent  beds. 
The  rock  is  principally  of  chalcedonic  silica,  with  which  very  frequently  calcite  is 
intermingled.  The  main  difference  between  this  rock  and  chert  consists  in  its  porous 
nature,  arising  from  the  fact  that  the  spicules  in  it  are  but  as  empty  casts,  and  the 
silica  of  these  spicules  has  probably  been  deposited  in  the  adjoining  bands  of  chert. 

There  can  scarcely  be  room  for  doubting  that  the  beds  and  irregular  masses  of  chert, 
which  are  found  nearly  everywhere  in  the  strata  of  the  lower  and  upper  greensand  in 
connexion  with  the  detached  spicules  of  sponges,  have  been  derived  from  the  silica  of 
these  sponge-remains  ;  and  from  the  same  source  has  also  originated  the  silica  which, 
in  many  of  the  deposits,  more  particularly  in  the  Blackdown  Hills,  has  replaced  the 
shells  and  tests  of  the  mollusca  and  other  calcareous  organisms.  The  theory  has, 
however,  been  advocated  that  the  silica  of  chert  has  been  derived  rather  as  a  direct 
deposit  of  this  mineral  from  solution  in  sea-water,  than  as  the  product  of  the  decom¬ 
position  of  the  siliceous  structure  of  sponges.  Thus  Dr.  Bowerbank  *  held  that  the 
sponges  imbedded  in  the  chert  of  the  greensand  possessed  horny  and  not  siliceous 
skeletons,  and  that  the  silica  of  the  chert  in  which  they  were  imbedded  was  attracted 
from  the  exterior  medium  by  the  animal  matter,  and  not  secreted  therefrom  by  the 

*  Trans.  Geol.  Soc.,  ser.  2,  vol.  vi.,  p.  181. 
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living  sponge.  Professor  T.  Rupert  Jones  * * * §  maintains  the  view  that  the  silica  of 
chert  generally  is  derived  directly  from  sea-water,  and  similar  opinions  as  to  the  origin 
of  the  chert  bands  in  the  upper  carboniferous  limestones  of  Ireland  have  been  put 
forward  by  Messrs.  Hull  and  Hardman  t  and  by  M.  Renard|  with  respect  to  the 
phthanites  in  rocks  of  the  same  age  in  Belgium. 

It  is  a  significant  fact,  however,  in  connexion  with  the  chert-beds  of  the  Irish 
upper  carboniferous  strata  that  some  have  been  discovered  filled  with  sponge-spicules 
like  the  chert  of  the  English  greensand,  and  this  indicates  a  similar  origin  for  the 
silica,  and  negatives  the  supposition  of  Professor  Hull§  that  it  was  deposited  “  from 
warm  shallow  water  charged  with  silica  in  solution,  in  which  chemical  reactions  would 
be  at  once  set  up,  favoured  and  promoted  by  tidal  and  other  currents.” 

III. — The  Nature  of  the  Sponges  present  in  the  Sponge-Beds. 

As  the  skeletons  of  entire  sponges,  or  even  fragments  of  them,  are  nearly  wholly 
absent  in  the  sponge-beds,  a  determination  of  the  character  of  the  sponges  of  which 
they  are  formed  must  be  based  upon  a  study  of  the  detached  microscopic  spicules 
which  are  indiscriminately  mingled  in  the  deposits.  In  the  majority  of  cases  these 
spicules  are  combined  with  the  mechanically-derived  materials  of  the  beds,  and  with 
the  silica  produced  from  their  own  dissolution,  into  hard  rock -masses,  in  which  the 
form  and  proportion  of  the  individual  spicules  are  but  very  indistinctly  and  imper¬ 
fectly  shown  on  fractured  or  weathered  surfaces  or  in  thin  microscopic  sections. 
Under  these  conditions  the  knowledge  to  be  obtained  of  the  character  of  the  spicules 
is  very  limited.  In  a  few  cases,  however,  the  microscopic  spicules  occur  loosely 
mingled  together  in  incoherent  beds  of  sand,  or  filling  pockets  or  cavities  in  beds  of 
chert,  and  it  is  then  possible  to  obtain  them  perfectly  free  from  the  matrix,  and  to 
examine  their  characters  under  the  microscope,  in  precisely  the  same  manner  as  those 
of  recent  siliceous  sponges.  In  one  respect,  indeed,  these  detached  spicules  some¬ 
times  present  greater  advantages  for  studying  their  individual  forms  than  those  of 
recent  sponges,  since,  through  gentle  natural  influences,  they  have  become  separated 

*  “  Quartz  and  other  Forms  of  Silica.”  ‘  Proceedings  of  the  Geologists  Association,’  vol.  iv.,  p.  447. 

t  “  On  the  Nature  and  Origin  of  the  Beds  of  Chert  in  the  upper  Carboniferous  Limestone  of  Ireland.” 
By  Professor  E.  Hull,  and  “On  the  chemical  Composition  of  Chert  and  the  Chemistry  of  the  Process 
by  which  it  is  formed.”  By  E.  T.  Hardman.  ‘  Scientific  Transactions  of  the  Royal  Dublin  Society,’ 
vol.  i.,  new  series,  1878,  p.  71. 

+  “  Recherches  lithologiques  sur  les  Phthanites  du  Calcaire  carbonifere  de  Belgique.”  1  Bulletin  de 
l’Academie  Royale  de  Belgique,’  2me  s.,  t.  xlvi.,  p.  471.  The  author  expressly  states  that  there  is  nothing 
to  show  that  the  infiltrated  silica  of  these  deposits  has  been  derived  from  the  decomposition  of  sponge- 
spicules  or  of  diatoms.  There  are  shown,  however,  in  one  of  the  figures  (fig.  2)  accompanying  the 
paper,  circular  sections  which  more  nearly  resemble  those  of  sponge-spicules  tban  of  crinoid-stems,  to 
which  they  are  assigned. 

§  Op.  cit.,  p.  83. 
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from  each  other  in  a  more  perfect  manner  than  it  is  always  possible  to  obtain  those  of 
recent  sponges  by  artificial  means. 

Spicules  thus  loosely  imbedded  have  been  met  with  in  the  lower  greensand  strata 
of  Haslemere,  Sevenoaks,  and  Tilburstow  Hill,  and  from  beds  of  upper  greensand  age 
in  the  vicinity  of  Warminster,  Haldon,  Blackdown,  and  Merstham.  Figures  are  given 
in  the  accompanying  plates  of  all  the  forms  discovered  ;  some  of  these  are  of  general 
distribution,  whilst  others  are  restricted  to  the  deposits  of  a  single  locality.  With 
the  exception  of  the  spicules  from  Haldon  and  Blackdown,  first  partly  described  by 
Mr.  Parkitt,*  and  subsequently  and  more  completely  by  Mr.  Carter,, t  this  is  the 
first  time  that  those  from  the  lower  greensand  and  from  the  other  localities  above 
mentioned  in  the  upper  greensand  strata  have  been  figured  in  detail. 

Mention  has  already  been  made  of  the  fact  that  the  spicules  of  the  sponge-beds 
referred  to  in  this  paper  (the  Faringdon  sponge-gravel  not  being  included)  are 
exclusively  those  of  sponges  with  siliceous  skeletons.  liepresentatives  of  each  of  the 
four  orders  of  siliceous  sponges  occur,  but  in  varying  proportions.  Monactinellid 
spicules  of  acerate,  acuate,  and  cylindrical  forms  are  very  abundant,  but,  judging 
from  their  relative  dimensions,  the  majority  of  these  spicules  belong  to  the  tetracti- 
nellidse,  where  they  are  associated  with  trifid  spicules,  rather  than  to  those  monacti- 
nellids  whose  skeletons  are  exclusively  composed  of  uniaxial  spicules.  It  is  quite 
possible,  however,  that  monactinellid  sponges  may  have  been  also  numerous  in  these 
sponge-beds,  though  we  have  but  few  spicules  which  can  be  definitely  recognised  as 
belonging  to  this  order,  for  the  spicules  of  most  of  the  recent  monactinellids  are  so 
minute  and  delicate  that  they  would  most  likely  be  destroyed  in  fossilisation. 
Tetractinellid  sponges  are  strongly  represented,  and  the  majority  of  the  spicules  in  the 
sponge-beds  are  included  in  this  order.  There  is  a ,  very  great  variety  of  the  “  zone  ” 
spicules  of  these  sponges,  each  of  which  probably  indicates  a  distinct  species.  The 
so-called  “  anchor  ”  spicules,  the  globates  and  stello-globates,  which  form  a  dermal 
layer  in  some  of  these  sponges,  are  also  present.  The  lithistid  sponges  are  princi¬ 
pally  represented  by  spicules  belonging  to  the  megamorina  family.  These  are  very 
numerous  and  very  generally  distributed.  The  skeletal  spicules  of  the  other  families 
of  lithistids  are  less  common,  and  their  generally  minute  dimensions  may  partly 
account  for  this  fact.  There  is,  however,  a  great  number  of  the  dermal  spicules  of 
lithistid  sponges,  which  most  probably  belong  to  the  tetracladina  family.  These 
dermal  spicules  are  but  seldom  preserved  on  the  surface  of  the  entire  lithistid 
sponges  which  have  been  discovered  in  the  greensand,  but  they  are  present,  quite 
detached  from  each  other,  in  the  sponge-beds,  in  a  great  variety  of  forms.  The 
remains  of  hexactinellid  sponges  are  comparatively  rare,  and  they  are  limited  to 
small  fragments  of  the  mesh  and  a  few  detached  spicules  probably  belonging  to  the 
surface  layer  of  the  sponge. 

*  ‘  Transactions  of  the  Devonshire  Association  for  the  Advancement  of  Science,’  1870. 

t  Ann.  Mag.  Nat.  Hist.,  1871,  ser.  4,  vol.  vii.,  p.  113,  pi.  7-10. 
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la  recent  tetractinellid  sponges,  the  spicular  elements  of  the  skeleton  are  merely 
held  in  position  by  the  sarcode,  and  the  decomposition  of  this  substance  after  the 
death  of  the  animal  would  at  once  set  the  individual  spicules  free  from  each  other. 
This  structural  character  readily  explains  the  complete  manner  in  which  these  sponges 
have  been  broken  up  into  their  component  spicules,  for,  though  these  are  so  abundant 
in  the  sponge-beds,  I  have  not  met  with  a  single  fragment  of  the  skeleton  with  the 
spicules  in  their  proper  relative  positions.  Only  under  exceptionally  favourable 
conditions  of  preservation  could  the  entire  body  of  the  sponge  be  preserved  in  the 
fossil  state.  A  few  specimens  have,  however,  been  met  with  in  the  upper  chalk  of 
Yorkshire  and  Westphalia,  but  none,  that  I  am  aware  of,  in  the  greensand. 

The  skeletal  spicules  of  the  lithistid  sponges  are  more  intimately  intertwined  and 
interlocked  together  than  is  the  case  with  tetractinellid  sponges,  and  it  is  therefore  a 
matter  for  surprise  that  in  these  sponge-beds  no  fragments  of  the  sponges  themselves 
should  be  found.  The  spicules  are  thoroughly  detached  from  each  other,  and  I  have 
not  met  with  a  single  instance  of  even  two  spicules  naturally  united  together.  Entire 
lithistid  sponges  are,  however,  occasionally  very  abundant,  in  the  upper  greensand 
more  particularly ;  but  they  appear  in  only  a  few  limited  localities,  and  their  preser¬ 
vation  seems  to  be  owing  to  the  infilling  of  the  skeleton  by  chalcedonic  silica  before  it 
was  exposed  to  those  influences  which  in  the  sponge-beds  destroyed  the  union  of  the 
spicules  with  each  other. 

It  is  a  difficult  matter  to  determine  the  extent  to  which  the  varied  forms  of  these 
detached  spicules  may  represent  distinct  species.  There  can  be  no  doubt  that 
numerous  species  are  present  in  these  sponge-beds  ;  but  many  of  the  characters, 
which  in  recent  sponges  determine  the  species  and  genus,  are  based  on  the  arrange¬ 
ment  of  the  spicules  in  the  skeleton,  the  combination  of  various  forms  of  spicules  in 
the  dermal  layer,  the  characters  of  the  canal  system,  and  many  other  features,  which, 
of  course,  are  entirely  unrecognisable  in  these  detached  spicules.  The  only  classifica¬ 
tion  which  can  be  attempted  in  the  circumstances  must  rest  on  the  features  of  the 
isolated  spicules,  and  where  the  form  and  proportions  of  these  are  sufficiently  distinct 
from  those  of  known  recent  and  fossil  sponges,  they  may  reasonably  be  regarded  as 
belonging  to  new  species.  These  spicules,  it  is  true,  furnish  us  with  only  one  charac¬ 
ter  of  the  species,  that  is,  the  form  of  the  skeletal  elements  ;  but  this,  after  all,  is  the 
most  important  feature.  If  the  entire  sponges  should  at  any  future  time  be  dis¬ 
covered,  of  which,  judging  from  present  experience,  there  is  but  little  probability,  the 
provisional  characters  based  on  the  spicules  can  then  be  supplemented  by  those  derived 
from  the  entire  skeleton. 

It  is  not  my  purpose  in  the  present  paper  to  discuss  in  detail  the  characters  and 
relation  of  the  spicular  contents  of  these  greensand  sponge- beds,  beyond  what  may  be 
necessary  to  indicate  the  groups  to  which  they  may  belong,  and  to  furnish  grounds 
for  comparison  with  those  of  similar  deposits  elsewhere.  In  those  cases  in  wdiich  the 
spicules  seem  to  me  to  indicate  new  species  I  have  assigned  a  provisional  name  to 
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them,  following  in  this  respect  the  example  of  Mr.  Carter  and  Prof.  Sollas. 
Though  these  names  may  subsequently  be  displaced  by  the  discovery  of  complete 
sponges,  yet  they  are  almost  a  necessity  for  purposes  of  reference. 

The  figures  in  the  accompanying  plates  have  ail  been  drawn  under  the  microscope 
by  means  of  Beck’s  camera  lucicla,  and  their  outlines  may  therefore  be  regarded  as 
correct.  It  has  not  been  practicable  to  figure  all  the  forms  on  the  same  scale  ;  the 
majority  of  them  are  enlarged  either  40  or  60  diameters,  a  few  are  shown  on  the  scale 
of  80,  and  in  one  instance  the  spicule  has  been  enlarged  560  times.  To  avoid  repeti¬ 
tion,  the  titles  of  works  in  which  similar  detached  spicules  have  been  previously 
described,  are  given  below  under  the  names  of  the  respective  authors.* 

Order  Monactmellidce  ZITTEL. 

1.  Reniera  gracilis  (Plate  41,  figs.  1-16).— Cylindrical  spicules,  straight  or  slightly 
curved,  smooth,  evenly  rounded  at  the  ends.  Average  maximum  length  ‘4  mm., 
width  '05  mm. 

L.  G.  S.,t  Haslemere,  Surrey.  U.  G.  S.,J  Blackdown,  Devonshire. 

2.  Reniera  obtusa  (Plate  41,  figs.  2,  2a). — Smooth,  slightly  curved,  cylindrical 
spicules,  sometimes  gradually  tapering  at  one  end.  Length  '33  mm.  ;  width  '058  mm. 

U.  G.  S.,  Blackdown. 

3.  Reniera  cucumis  (Plate  41,  figs.  3,  36). — Slightly  curved,  smooth,  either  evenly 
cylindrical  throughout,  or  slightly  fusiform.  Length  '466  mm.,  width  '066  mm. 

U.  G.  S.,  near  Warminster,  Wilts;  Haldon,  Devonshire;  Merstham,  Surrey. 

The  cylindrical  spicules  above  mentioned,  though  of  similar  form,  are  considerably 

*  Carter,  H.  J. — “  On  Fossil  Spicules  of  the  Greensand  compared  with  those  of  existing  Species.” 
Ann.  Mag.  Nat.  Hist.,  ser.  4,  vol.  vii.,  pp.  112-141.  1871. 

Ddnikowski,  E.  V. — “Die  Spongien,  &c.,  der  unterliassischen  Schichten  von  Schafberg  bei  Salzburg." 
‘  Denkschriften  der  kaiserlichen  Akademie  der  Wissenschaften,’  Wien.  Bd.  xlv.,  pp.  163-194.  1882. 

Hinde,  G.  J. — -I.  ‘Fossil  Sponge-Spicules  from  the  Upper  Chalk.’  1880. 

Hinde,  G.  J.— II.  ‘Catalogue  of  the  Fossil  Sponges  in  the  British  Museum.’  1883. 

Parfitt,  E. — “Fossil  Sponge-Spicules  in  the  Greensand  of  Haldon  and  Blackdown.”  ‘Transactions 
of  the  Devonshire  Association  for  the  Advancement  of  Science.’  1870. 

Pocta,  P. — I.  “  Ueber  isolirte  Kieselspongiennadeln  aus  der  bohm.  Kreide-Formation.”  ‘  Sitzungs- 
berichte  der  k.  bohm.  Gesellschaft  der  Wiss.’  Prag,  1883, 

Pocta,  P. — II.  “  Ueber  Spongiennadeln  des  Briisauer  Hornsteines.”  Id.  1884. 

Rutot,  A. — “Note  sur  la  Decouverte  de  deux  Spongiaires  de  1’Etage  bruxellien.”  ‘  Annales  de  la 
Societe  Malacologique  de  Belgique,’  tom.  ix.,  1874. 

Sollas,  W.  J. — “  On  the  Flint-nodules  of  the  Trimmingham  Chalk.”  Ann.  Mag.  Nat.  Hist.,  ser.  5, 
vol.  vi.,  p.  384.  1880. 

Weight,  J. — “A  List  of  the  Cretaceous  Microzoa  of  the  North  of  Ireland.”  Belfast  Nat.  Field 
Club.  1875. 

Zittel,  R.  A. — “Ueber  Ccelophtychium.”  ‘  Abhandl.  der  konig.  bay.  Akad.  der  Wiss.,’ II.  Cl.,  XII. 
Bd.  1876. 


t  Lower  greensand. 


X  Upper  greensand. 
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larger  than  those  of  any  recent  species  of  Reniera.  The  form  is  very  common  in 
fossil  sponge-beds,  and  cylindrical  spicules  of  different  dimensions  have  been  described 
from  the  carboniferous  (Carter);  Lias  (Dunikowski)  ;  upper  chalk  of  Norfolk 
(Hinde,  Sole  as)  ;  Westphalia  (Zittel)  ;  Bohemia  (Pocta). 

4.  Reniera  Zitteli,  Pocta,  (Plate  41,  figs.  4-4 e  ;  op.  cit.,  p.  6,  taf.  I.,  figs.  10-14). 
Acerate  spicules,  smooth,  fusiform,  acutely  pointed.  Length  '3  to  '45  mm.,  width 
•02  to  '05  mm. 

L.  G.  S.,  Haslemere.  U.  G.  S.,  Blackdown. 

5.  Reniera  truncata  (Plate  41,  figs.  5-5 f). — Slender  acerate  fusiform  spicules,  very 
gradually  tapering  to  the  extremities,  which  are  frequently  truncate.  Canals  promi¬ 
nent,  enlarging  at  the  spicular  ends.  Length  '33  to  1  mm.,  by  '04  to  '058  mm.  in 
width. 

With  these  also  may  be  associated  small  fusiform  spicules  in  which  the  canals 
are  open  throughout  their  entire  length.  These  forms  are  regarded  by  Zittel  as 
immature  spicules  (Plate  41,  figs.  5g,  5 h). 

U.  G.  S.,  Warminster,  Merstham. 

6.  Axinella  gracilis  { Plate  41,  figs.  7,  7a). — Smooth,  slightly  curved  acuate  spicules, 
with  rounded  but  not  inflated  summits  ;  tapering  from  one-third  to  one-half  their  length 
to  an  acutely  pointed  extremity.  Length  from  '55  to  '66  mm.,  width  '033  to  '05  mm. 

L.  G.  S.,  Haslemere.  U.  G.  S.,  Blackdown,  Haldon,  Warminster,  Merstham. 

7.  Axinella  dispersa  (Plate  41,  figs.  6-6e). — Smooth,  straight,  or  curved  acuate 
spicules;  summits  rounded  but  not  inflated.  Some  examples  taper  gradually  from  tfle 
summit,  whilst  others  are  of  an  uniform  width  to  the  centre  or  even  below,  and  then 
commence  to  taper.  Ends  acute  or  slightly  truncate.  Length  from  '51  to  1  mm.,  by 
'05  to  '075  mm.  in  width. 

L.  G.  S.,  Haslemere.  U.  G.  S.,  Warminster,  Blackdown,  Merstham. 

8.  Axinella  stylus  (Plate  41,  figs.  8-8d). — Relatively  large,  smooth,  straight  or 
slightly  curved  acuate  spicules.  Summits  truncate,  rounded,  and  occasionally  with 
a  slight  inflation.  Rarely  the  spicules  taper  from  the  summit,  but  more  generally 
they  are  of  the  same  width  to  near  the  extremity,  when  they  rapidly  taper  to  an 
acute  point.  Length  from  l'o  to  3'1  mm.,  width  from  '085  to  1  mm. 

L.  G.  S.,  Haslemere.  U.  G.  S.,  Blackdown,  Haldon,  Yentnor. 

9.  Spirastrella  neocomiensis  (Plate  41,  rigs.  9,  9a). — -Smooth,  fusiform,  straight  or 
slightly  curved  spinulate  spicules.  Length  95  mm.,  width  '05  to  '075  mm. 

L.  G.  S.,  Haslemere. 

10.  Monilites  Ilaldonensis,  Carter  (Plate  41,  figs.  11-116;  op.  cit.,  p.  132,  Plate  9, 
figs.  46,  47). — Cylindrical,  slightly  curved,  moniliform  spicules,  with  from  five  to  eight 
rings.  In  some  examples  the  inflations  become  depressed,  giving  an  altogether  different 
aspect  to  the  spicule  (fig.  116).  Length  '3  to  '53  mm.,  by  '09  mm.  in  thickness. 

L.  G.  S.,  Haslemere.  U.  G.  S.,  Haldon,  Blackdown,  Warminster. 

11.  Esperites  Ilaldonensis  Carter  (Plate  41,  fig.  12;  op.  cit.,  p.  131,  PI.  9,  fig.  43). — 
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Slender  bihamate  spicules  with  short  obliquely  incurved  extremities.  Length  '533  bv 
‘041  mm.  in  width.  It  may  be  doubted  whether  these  forms  are  really  analogous  to 
the  bihamate  spicules  of  the  existing  genus  Esperia,  since,  as  Mr.  Carter  has  already 
remarked,  they  are  five  times  the  size  of  the  recent  spicules, 

U.  G.  S.,  Blackdown,  Merstham. 

12.  Dirrhopalum  neocomiensis  (Plate  41,  fig.  14). — Robust,  smooth,  straight,  conical 
spicules,  with  an  inflated,  evenly-rounded  summit,  a  slight  constriction  immediately 
beneath ;  from  this,  a  gradual  tapering  to  a  sharply-pointed  extremity.  Length 
]  ‘22  mm.,  greatest  width  '275  mm.  The  affinities  of  this  form  are  very  doubtful ;  it 
may  have  some  relationship  to  the  smooth  conical  spicules  in  the  upper  chalk,  which 
I  have  named  Dirrhopalum  planum ,  and  I  therefore  include  it  provisionally  in  the 
genus. 

L.  G.  S.,  Haslemere. 

13.  Hamate  spicule  (Plate  41,  fig.  18). — A  smooth,  cylindrical,  hamate  spicule, 
apparently  perfect.  Length  ’366,  by  '06  mm.  in  width.  I  do  not  know  of  any  fossil 
or  recent  spicule  at  all  similar  to  this. 

L.  G.  S.,  Haslemere. 

14.  Anomalous  acerate  spicule  (Plate  41,  fig.  12). — Minute,  smooth,  a  cerate  spicule, 
evenly  cylindrical  for  the  greater  portion  of  its  length,  then  tapering.  One  end  is 
acute,  the  other  obtuse.  This  exterior  acerate  form  appears  to  inclose  a  spinulate 
form  with  a  pear-shaped  head  and  straight  shaft,  and  within  this  is  a  central  axial 
rod  which  seems  to  be  the  infilled  canal.  Length  '12  mm.,  width  ‘018  mm.  The 
affinities  of  this  peculiar  spicule  are  doubtful.  It  is  the  smallest  form  which  I 
have  discovered  in  the  sponge-beds,  and  only  one  example  of  it  has  been  met  with. 

U.  G.  S.,  near  Warminster. 

Order  Tetractinellidce  Marshall. 

The  distinguishing  characters  of  the  recent  genera,  Geodia,  Stelletta,  Erylus,  and 
other  allied  forms,  are  based  on  the  structural  features  of  the  dermal  layer.  In  the 
greensand  sponge-beds  there  are  numerous  examples  of  zone  and  anchor  spicules, 
together  with  body  acerates  and  the  globates  and  globo-stellates  of  the  dermal  layer, 
but  in  their  detached  condition  it  is  impossible  now  to  determine  the  particular  zone- 
spicules  which  may  have  been  associated  with  the  dermal  spicules,  and  thus  there  can 
be  no  certainty  in  assigning  the  various  forms  of  the  zone-spicules  to  one  or  other  of 
these  genera,  and  it  may  therefore  be  desirable  to  adopt  Carter’s  general  term 
Geodites.  In  recent  sponges  of  this  group,  the  species  are  characterised  by  a  dis¬ 
tinctive  zone- spicule,  and  in  like  manner  the  different  forms  of  these  fossil  zone- 
spicules  may  be  regarded  as  indicating  distinct  species.  The  differences  in  the 
acerate  spicules  of  distinct  species  are  not  recognisable  in  the  fossil  detached  spicules, 
and  they  will  have  to  be  considered  in  a  single  group. 
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15.  Body-acerates  of  Geodites  (Plate  41,  figs.  IO-IOo). — Straight,  curved,  or  genic¬ 
ulate  fusiform  spicules,  either  acutely  pointed  or  obtuse.  The  canals  are  only  preserved 
as  a  rule  in  the  spicules  from  Warminster  and  Merstham,  in  which  the  colloidal  silica 
remains  unaltered.  The  spicules  vary  from  IT  to  3'12  ram.  in  length,  and  from  '04  to 
T25  mm.  in  width.  These  spicules  are  very  generally  distributed  in  all  the  sponge- 
beds  alike  of  the  lower  and  upper  greensand.  The  larger  forms  occur  in  the  lower 
greensand  of  Haslemere,  Sevenoaks,  and  Folkestone,  and  in  the  upper  greensand  of 
Blackdown  and  Haldon  ;  whilst  those  from  Warminster  and  the  malm  at  Merstham 
are  distinctly  smaller  forms. 

16.  Pachymatismci  virga  (Plate  41,  figs.  15,  15a,  16). — Straight,  slender,  cylindrical 
spicules,  terminating  obtusely,  occasionally  also  slightly  inflated.  Length  P6  to 
2  mm.,,  by  '025  to  '041  mm.  in  width.  With  these  there  also  occurs  an  inequally 
biclavate  spicule  (fig.  16),  IT6  mm.  in  length,  by  '066  mm.  in  width.  Dr.  Bowerbank 
has  figured  spicules  of  similar  form,  but  much  slenderer  proportions,  in  Pachymatismci 
Johnstonia  (‘  Brit.  Sponges/  vol.  i.,  Plate  1,  figs.  12,  20  ;  vol.  iii.,  Plate  8,  figs.  2,  3),  and 
I  place  these  provisionally  in  the  same  genus. 

U.  G.  S.,  Blackdown,  Haldon. 

17.  Geodites  Ccirteri  (Plate  41,  figs.  17-17&). — -Zone  spicules,  with  straight  or  slightly 
curved  shafts,  gradually  tapering  from  the  head,  terminating  obtusely.  The  rays 
straight  or  slightly  curved,  simple  or  furcate,  acutely  pointed,  projecting  forwards. 
In  some  forms  one  of  the  rays  is  suppressed  and  the  spicule  resembles  a  two-pronged 
fork  (l  7b,  k).  The  rays  are  frequently  inequal  in  length,  and  bifurcate  irregularly. 
Total  length  1'4  to  1'75  mm.,  by  7  to  75  mm.  in  width;  the  rays  '375  to  '45  mm. 
in  length,  by  7  mm.  wide.  Abundant. 

L.  G.  S.,  Haslemere,  Tilburstow  Hill,  Sevenoaks  (Folkestone  division).  U.  G.  S., 
Blackdown,  Haldon. 

18.  Geodites prcelongus  (Plate  42,  figs.  1-lc). — Zone  spicules,  with  elongated,  nearly 
straight  shafts,  of  nearly  the  same  width  throughout,  or  very  gradually  tapering. 
'Ihe  head-ravs  are  relatively  short,  simple,  or  bifurcate,  usually  slightly  curved.  They 
project  obliquely  forwards.  Total  length  from  1'9  to  3'42  mm.  ;  width,  from  713  to 
75  mm.  The  rays  are  from  775  to  '425  mm.  in  length,  by  '075  mm.  in  width. 

L.  G.  S.,  Haslemere,  Tilburstow  Hill,  Folkestone,  Sevenoaks.  U.  G.  S.,  Blackdown. 

19.  Geodites  robustus  (Plate  42,  figs.  42,  2a). — Zone  spicules  robust,  straight  or 
slightly  curved,  tapering  gradually,  or  of  the  same  thickness  for  the  greater  part 
of  their  length.  Bays  also  stout,  simple,  or  bifurcate,  projecting  obliquely.  Length 
2-8  to  3'3  mm.,  width,  77  to  '3  mm.  The  rays  are  from  '25  to  '45  mm.  in 
length,  by  71  to  75  mm.  in  thickness.  Differs  from  the  preceding  form  in  being 
more  robust  throughout,  and  in  the  greater  development  of  the  rays. 

L.  G.  S.,  Haslemere,  Tilburstow  Hill,  Sevenoaks,  Folkestone. 

20.  Geodites  audax  (Plate  42,  figs.  3-3c). — Zone  spicules  robust,  the  shaft  usually 
with  a  slight  constriction  just  beneath  the  head,  then  gradually  tapering  to  an  acute 
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point,  the  head-rays  all  bifurcate,  and  in  perfect  specimens  acutely  pointed.  Length 
l'l  to  1'6  mm.,  width  -L3  to  '2  mm.;  rays  '33  mm.  long,  by  GIG  mm.  in  thickness.  Fio-. 
3c  is  probably  the  head  of  one  of  these  spicules  seen  from  beneath.  Fig.  36  shows 
the  peculiar  manner  in  which  the  infilled  canal  has  been  distorted  and  broken  up. 

L.  G.  S.,  Haslemere. 

21.  Geodites  obtusus  (Plate  42,  figs.  4,  4a). — Zone  spicules  robust,  with  straight 
shafts,  usually  slightly  constricted  near  the  head  ;  below  this  they  are  tumid  arid 
then  gradually  taper.  The  rays  are  short,  unusually  thick,  bifurcating  near  the 
summits,  and  forming  short  obtuse  cones.  Total  length  unknown  ;  width  '35  mm. ; 
rays  ’35  mm.  in  length,  by  ’175  mm.  in  width. 

L.  G.  S.,  Sevenoaks  (Folkestone  Division). 

22.  Geodites  politus  (Plate  42,  figs.  5-5c).  — Zone  suicides,  with  straight,  elongate, 
very  gradually  tapering  shafts,  and  head-rays  usually  bifurcate,  the  terminations 
evenly  rounded.  The  shafts  incomplete  in  length,  from  '17  to  ’22  mm.  in  thickness. 
The  rays  '25  by  -125  mm.  Fig.  5b  is  probably  the  head  of  one  of  these  spicules  seen 
from  below. 

In  the  same  beds  an  “  anchor  ”  spicule  occurs  (fig.  5c),  with  rounded  head  and  three 
short,  simple,  recurved  rays,  which  probably  belongs  to  the  same  species  as  the  zone 
spicules. 

L.  G.  S.,  Folkestone,  Tilburstow  Hill.  U.  G.  S.,  Merstham. 

23.  Geodites  pusillus  (Plate  42,  figs.  6-66). — Zone  spicules,  with  straight  or  slightly 
curved  shafts,  usually  constricted  just  below  the  rays  ;  below  this  slightly  tumid,  and 
then  gradually  tapering.  The  rays  are  relatively  short,  simple,  conical,  and  acutely 
pointed.  Length  1‘25  to  2  mm.  ;  width  ‘125  to  '2  mm.  Pays  '15  by  '075  mm. 

L.  G.  S.,  Haslemere,  Tilburstow  Hill. 

24.  Geodites  Haldonensis,  Carter  (Plate  42,  figs.  7-76, 16, 16a  ;  op.  cit.,  p.  129,  Plate 
10,  figs.  58-67). — Zone  spicules,  with  straight  or  curved,  elongated,  tapering  shafts 
and  straight  or  curved  head- rays,  either  simple  or  bifurcate.  Length  P5  to  2-5  mm. ; 
width  '075  to  11  mm.  The  rays  '175  by  '075  mm.  Mr.  Carter  has  called  attention 
to  the  different  aspect  of  some  of  these  spicules  with  curved  shafts  and  simple  rays, 
(figs.  76,  e),  and  suggests  that  they  might  belong  to  a  different  species.  There  are, 
however,  intermediate  forms  between  these  and  the  spicules  with  bifurcate  rays  which 
indicate  that  they  may  all  pertain  to  a  single  species.  The  “  anchor”  spicule  (fig.  16) 
from  the  same  beds  was  probably  associated  with  these  zone  spicules.  In  comparing 
Mr.  Carter’s  figures  with  those  which  I  have  given,  allowance  must  be  made  for  the 
different  scale  on  which  they  are  drawn,  Mr.  Carter’s  being  on  the  scale  of  Tf-,  whilst 
mine  are  only  -x— . 

L.  G.  S.,  Sevenoaks.  U.  G.  S.,  Haldon,  Blackdown. 

25.  Geodites  clivergens  (Plate  42,  figs.  8,  8a,  11-116). — Zone  spicules,  with  short, 
stout  shafts,  straight  or  curved,  gradually  tapering,  and  terminating  obtusely.  The 
canals  are  prominent,  and  usually  dilated  at  the  extremity  of  the  shaft.  The  rays  are 
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strongly  bifurcate,  and  the  subdivisions  usually  diverge  widely  from  each  other. 
Total  length  from  1'07  to  17 7  mm.  ;  width  ‘112  to  ‘16  mm.  Bays  '17  to  "5  mm.  in 
length  by  7  mm.  in  thickness. 

L.  G.  S.,  Haslemere.  U.  G.  S.,  near  Warminster,  Merstham. 

26.  Geoclites  dejlexus  (Plate  42,  fig.  10). — Zone  spicule,  with  straight,  very  gradually 
tapering  shaft ;  the  rays  simple,  extending  for  two-thircls  of  their  length  at  approxi¬ 
mately  a  right  angle  to  the  shaft,  and  then  abruptly  recurved.  Total  length  unknown, 
the  shaft  is  •  L  mm.  in  width.  Rays  ‘375  mm.  long  by  '087  mm.  wide. 

U.  G.  S.,  Blackdown. 

27.  Geodites  Wrightii  (Plate  42,  fig.  9 ;  Plate  41,  fig.  1 3). — Zone  spicules  with  straight 
tapering  shaft  and  stout  rays,  projecting  obliquely  forwards.  The  rays  are  incipiently 
bifurcate  at  their  extremities.  The  rays  and  the  greater  portion  of  the  shaft  are 
moniliform.  Length  1'375  by  * 2  mm.  in  width.  Rays  ’3  by  725  mm.  Fragmentary 
specimens  indicate  much  larger  forms  than  the  example  figured.  In  the  upper  chalk 
examples  of  this  form  the  rays  are  uniformly  simple  and  more  slender  than  in  the 
greensand  specimens. 

Acuate  moniliform  spicules  (Plate  41,  fig.  13),  rarely  occur  in  the  same  beds  with 
the  trifid  forms,  and,  though  much  larger  in  size,  they  may  have  belonged  to  the 
same  species  with  the  trifid  spicules. 

L.  G.  S.,  Haslemere,  Godaiming.  U.  G.  S.,  Warminster. 

28.  Geodites  planus  (Plate  42,  figs.  13-1 3c). — Zone  spicules  with  slender,  elongate, 
gradually  tapering  shafts,  and  simple  or  bifurcate  head-rays,  which  extend  nearly  at 
right  angles  to  the  shaft.  In  some  examples  only  two  of  the  three  head-rays  are 
developed.  Length  ’875  to  172.  mm. ;  width  ‘062  to  '125  mm.  Rays  '175  to  '3  mm., 
by  '05  to  '09  mm.  Very  abundant. 

L.  G.  S.,  Haslemere.  U.  G.  S.,  Blackdown,  Haldon,  Warminster,  Merstbam. 

29.  Geodites  gracilis  (Plate  42,  figs.  12-1 2e). — Slender  spicules,  with  straight 
tapering  shafts,  and  short  simple  or  bifurcate  head-rays,  which  extend  obliquely 
forwards.  Length  1  to  17  mm.  by  ‘07  to  '1  mm.  Ptays  '225  by  '075  mm. 

U.  G.  S.,  Blackdown,  Haldon,  Warminster,  Penzlewood,  Merstham. 

30.  Globate  and  glob o stellate  spicides  of  the  dermal  layer  of  Geodites  (Plate  43,  figs. 
2-2 f). — The  spicules  forming  the  dermal  crust  of  this  group  of  sponges  are  abundantly 
present.  There  are  two  varieties  of  globates;  one  is  nearly  spherical  in  form  (fig.  2c), 
the  surfaee  smooth  and  apparently  destitute  of  hilum.  The  average  diameter  is 
'233  mm.  This  form  only  occurs  in  the  lower  greensand  at  Haslemere.  The  other 

!  variety  is  elliptical  or  reniform  (figs.  2 a,  2 b,  ),  surface  smooth,  with  a  well-marked 
depression  or  hilum.  The  average  size  is  737  by  '09  mm.  It  occurs  in  lower  green¬ 
sand  at  Haslemere,  Sevenoaks,  Tilburstow  Hill,  and  in  upper  greensand  at  Warminster, 
Blackdown,  Merstham. 

One  variety  of  globostellate  is  nearly  spherical,  737  mm.  in  diameter,  its  surface  is 
thickly  covered  with  minute  blunted  elevations  (fig.  2d).  It  occurs  in  the  upper 
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greensand  at  Warminster  and  Merstham,  and  it  has  been  figured  from  the  upper  chalk 
of  Westphalia  (Zittel). 

Another  globostellate  (figs.  2 e,f)  has  a  spherical  body  with  stout,  conical  spines 
projecting  from  its  surface.  Entire  diameter  ’2  mm.;  length  of  spines  ’075  mm. 
Lower  greensand,  Haslemere. 

31.  Stellettites  ?  sp.  (Plate  42,  figs.  14-14e). — -Zone  spicules,  in  which  the  shafts 
are  greatly  reduced,  whilst  the  head-rays  are,  as  a  rule,  widely  extended  in  a  nearly 
horizontal  direction  and  symmetrically  bifurcate.  The  great  variety  of  size  of  these 
spicules  indicates  that  they  may  belong  to  more  than  a  single  species.  It  is  possible 
that  some  may  belong  to  the  dermal  layer  of  lithistid  sponges.  It  is  a  very  common 
form,  and  occurs  also  in  the  lower  lias  of  Schafburg  (Dunikowski),  in  the  upper  chalk 
of  Norfolk  and  Westphalia  (Zittel),  and  in  the  eocene  of  Brussels  (Rutot). 

L.  G.  S.,  Folkestone.  U.  G.  S.,  Blackdown,  near  Warminster,. Penzlewood,  Merstham. 

32.  Stellettites  callodiscus,  Carter  sp.  (Plate  43,  fig.  3  ;  op.  cit.,  p.  123;  Plate  9,  fig. 
40). — Delicate  flattened  discs,  circular  or  slightly  elliptical  in  outline,  with  a  well- 
defined  smooth  margin.  Radially  disposed  at  equal  intervals  near  the  margins  are 
from  twelve  to  fourteen  flask-shaped  apertures  ;  between  each  of  these  there  are  two 
and  occasionally  three  smaller  sub-oval  apertures.  A  series  of  canals  radiating  from 
the  common  centre  of  the  disc  extends  to  near  its  periphery.  One  of  these  canals  is 
present  between  each  of  the  larger  flask-shaped  apertures.  A  fairly  large  spicule  is 
•313  by  ‘263  mm.  In  spicules  which  are  in  process  of  breaking  up,  the  smooth 
margin  disappears,  the  flask-shaped  apertures  open  on  the  outer  border,  and  the  canals 
are  greatly  widened,  so  that  the  spicule  has  an  altogether  different  appearance. 

U.  G.  S.,  Blackdown,  Warminster.  This  form  is  also  present  in  the  upper  chalk  of 
Norfolk  (Hinde)  and  Westphalia  (Zittel). 

33.  Tethyopsis  Haldonensis,  Carter,  pars.  (Plate  44,  figs.  15,  15a  ;  Plate  43,  figs  1-ld; 
op.  cit.,  Plate  10,  fig.  70,  non  fig.  69). — Trifid  spicules,  with  straight,  elongate  shafts 
and  rays,  usually  inequal  in  length,  and  simple,  which  extend  at  a  wide  angle,  and 
generally  exhibit  a  slight  recurvature.  Frequently  only  two  rays  are  developed. 
Length  of  shaft  (incomplete)  1’9  mm.;  thickness  ‘075  to  -13  mm.  Rays  '3  to 
‘62  mm.  in  length,  by  • 075  to  T25  mm.  in  thickness. 

L.  G.  S.,  Haslemere,  Folkestone.  U.  G.  S.,  Blackdown,  Llaldon. 

34.  Small  trifid  spicules  of  different  species  (Plate  42,  figs.  I  7-1 7k). — The  affinities 
of  these  small  spicules  are  doubtful ;  figs.  17,  17a,  b  may  be  either  young  spicules  of 
Geodites,  or  the  dermal  spicules  of  a  lithistid  sponge  ;  the  clavate  spicules,  17c,  d,  e, 
approximate  to  the  four-rayed  spicules  of  Pachastrella  ;  the  obtuse  spicules,  17 g,  h,  i, 
are  now  in  the  condition  of  glauconite,  and,  though  apparently  perfect,  may  vary  con¬ 
siderably  from  their  original  forms  in  silica;  and  the  small  spicule  with  much  branched 
rays  (1 7k)  is  very  probably  the  dermal  spicule  of  a  lithistid  sponge. 

U.  G.  S.,  Blackdown,  near  Warminster,  Merstham,  Yentnor. 

35.  Pachastrella  ( Dercitus )  Haldonensis,  Carter  (Plate  43,  figs.  4-4  i;  op.  cit.,  p.  130; 
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3late  10,  fig.  71). — Four-rayed  spicules;  the  rays  straight,  simple,  sub-equal,  tapering 
rom  the  central  junction  to  an  acute  point,  rarely  rounded  at  the  ends  (fig.  id). 
Very  variable  in  size;  the  rays  are  from  ’35  to  '825  mm.  in  length,  and  from  ’075  to 
125  mm.  in  width. 

With  the  above  are  sometimes  associated  smaller  spicules  (figs.  5,  5 a,  b)  with 
relatively  shorter  and  plumper  rays,  which  may  probably  belong  to  a  distinct  species. 
They  are  similar  to  those  from  the  upper  chalk  which  I  have  named  P.  Carteri  (op. 
hft,  i.,p.  46  ;  Plate  3,  figs.  29,  31),  The  rays  are  '225  to  '35  mm.  in  length,  by  '08  mm. 
m  width. 

These  spicules  are  very  generally  distributed  throughout  the  sponge-beds  of  the 
lower  and  upper  greensand.  Similar  forms  are  present  in  the  carboniferous  (Hinde), 
lias  (Dunikowski),  chalk  of  England  (Sollas,  Hinde),  Ireland  (Wright),  Westphalia 
(Zittel),  and  in  the  eocene  of  Brussels  (Rutot). 

36.  Pachastrella  (Monilites)  quadriradiata,  Carter  (Plate  43,  figs.  6,  6a,;  op.  cit ., 
p.  132,  Plate  9,  figs.  44,  45). — Spicules  of  the  same  general  form  as  the  preceding, 
but,  as  a  rule,  much  smaller,  and  the  rays  are  throughout  moniliform.  Length  of 
rays  '25  mm.,  thickness  '05  mm. 

L,  G,  S.,  Haslemere,  U.  G,  S.,  Blackdown,  Halclon,  Warminster, 

Order:  Lithistidce,  0.  Schmidt. 

Family :  Megamorina,  Zittel. 

37.  Doryderma,  sp.  (Plate  43,  figs.  7-7z). — Detached  spicules  of  sponges  of  the 
Megamorina  family,  of  which  the  genus  Doryderma  may  be  taken  as  the  type,  are 
extremely  abundant.  They  are  of  the  most  irregular  and  varied  forms,  generally 
elongate  branching  spicules  with  arms  of  unequal  length,  which  terminate  either  in  an 
obtuse  point  or  in  a  slightly  concave  expansion.  The  branches  in  some  of  the  larger 
spicules  (figs.  7q,  r,  s,  it)  all  terminate  obtusely,  and  these  appear  to  belong  to  the  stem 
of  the  sponge,  whilst  the  spicules  wdiose  rays  terminate  in  an  expansion  belong  to  the 
body  portion  of  the  sponge.  The  larger  spicules  measure  2'5  mm.  by  T75  mm.,  whilst 
a  small  form  is  only  '4  mm.  by  '062  mm.  These  spicules  probably  belong  to  several 
different  species. 

L.  G.  S.,  Haslemere,  Godalming,  Tilburstow  Hill,  Sevenoaks.  U.  G.  S.,  Blackdown, 
Haldon,  Warminster,  Penzlewood,  Merstham,  Ventnor. 

38.  Carterella,  sp.  (Plate  45,  figs,  1-lc). — Elongate,  curved  spicules  with  blunted 
extremities  and  irregularly  notched  surfaces.  Length  *95  to  1*4  mm.,  width 
0*75  mm. 

U.  G.  S.,  Warminster. 
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Family  Anomocladina,  Zittel. 

39.  Mastosia  neocomiensis,  Hinde  (Plate  45,  figs.  2-2 k  ;  op.  cit.,  ii.,  p.  57  ;  Plate  10. 
fig.  4). — Spicules  with  spherical  or  sub-spherical  centres,  from  which  short  arms  or 
rays,  from  three  to  five  in  number,  extend  in  various  directions.  Pays  usuallv 
simple,  though  occasionally  bifurcate  near  their  ends.  They  terminate  in  slightly 
concave  expansions.  The  nodes  are  about  -22  mm.  in  thickness,  and  the  rays  from 
•12  to  '27  mm.  in  length,  by  ‘62  mm.  in  thickness. 

L.  G.  S  ,  Haslemere,  Tilburstow  Hill,  Petworth,  U.  G.  S.,  Haldon,  Warminster. 

Family  Rhizomorina,  Zittel. 

40.  Chenendopora,  sp.  (Plate  45,  figs.  3,  4- Ad). —  Branching  spicules  of  irreguk r 
form,  their  surfaces  covered  with  blunted  spines  or  tubercles.  Length  '53  mm.  by 
’085  to  '15  mm.  in  width. 

L.  G.  S.,  Haslemere,  Tilburstow  Hill.  U.  G.  S.,  Blackdown,  Warminster,  Penzle- 
wood. 

Family  Tetracladina,  Zittel. 

41.  Ragadinia,  sp.  (Plate  45,  figs.  5,  5a,  6).—  Small,  four-rayed  spicules  of  the 
skeleton  ;  one  of  the  rays  is  reduced  to  a  prominent  tubercle,  whilst  the  others  are 
irregularly  annulated. 

L.  G.  S.,  Haslemere,  Tilburstow  Hill.  U.  G.  S.,  Warminster. 

42.  Siphonia,  sp.  (Plate  45,  figs.  G,  6  a—6f), — Four-rayed  spicules  of  the  skeleton;  the 
rays  usually  smooth,  sub-equal,  and  branching  at  their  extremities. 

L.  G.  S.,  Tilburstow  Hill,  Sevenoaks.  U.  G.  S.,  Blackdown,  Haldon,  Warminster, 
Penzlewood,  Merstham. 


Spicules  of  the  dermal  layer  of  Tetracladine  Lithistids  (Plate  44,  figs.  1-15). 

These  spicules  occur  in  an  almost  unlimited  variety  of  form,  but  as  suggested  by 
Oscar  Schmidt,'"  they  all  appear  to  originate  from  modifications  of  the  summit-rays  of 
the  trifid  spicule.  The  simplest  form  of  dermal  spicule  in  these  sponge-beds  consists 
of  three  horizontally  extended  simple  rays  with  irregular  lateral  lobate  extensions,  and 
a  minute  ray  or  shaft  at  right  angles  to  the  others  (figs.  4,  4a).  This  simple  type  is, 
however,  of  rare  occurrence ;  the  large  majority  of  the  dermal  spicules  are  derived 
from  forms  in  which  the  three  primary  rays  are  symmetrically  bifurcate,  and  each  of 
the  subdivisions  is  variously  lobed  and  branched  in  a  horizontal  plane.  Thus  in  one 
of  the  less  modified  examples  (figs.  1,  la)  the  rays  of  the  typical  spicule  are  merely 
expanded  laterally  and  sinuated ;  in  another  the  lateral  expansion  is  increased,  and 

*  ‘  Die  Spongier,  des  Meerbusen  von  Mexico,’  lstes  Heft,  1879,  p.  22. 
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the  margins  are  smooth  (fig.  2),  whilst  in  others  the  margins  are  sinuous  and  notched), 
(figs.  3,  3 a,  6).  In  the  more  complex  forms  the  rays  are  divided  and  branched  in  an 
extraordinary  variety  of  ways;  in  some  cases  the  subdivisions  are  narrow  (figs.  7,  7a), 
whilst  in  others  they  are  mere  lobate  extensions  (figs.  12,  126).  The  greatest  modifi¬ 
cation  occurs  in  the  spicules,  which  are  simple  horizontal  discs  with  lobate  (fig.  136), 
jagged  (13c),  or  smooth  margins  (14,  14a).  In  these  all  traces  of  the  typical  trifid 
spicule  have  disappeared  in  the  external  form,  but  the  minute  three-branched  canal 
present  in  some  of  these  discoid  spicules  (fig.  14)  indicates  very  clearly  that  they  have 
originated  from  the  same  fundamental  type  as  the  branched  dermal  spicules.  As  a 
general  rule  the  canals  in  these  dermal  spicules  extend  only  a  short  distance  from 
their  centres  (figs.  10a,  11),  and  do  not  reach  the  extremities  of  the  subdivided  rays. 
In  but  slightly  modified  examples,  however,  the  canals  normally  extend  to  the 
extremities  of  the  rays  (figs.  2,  3,  3a). 

These  dermal  spicules  vary  in  diameter  from  '316  to  ’816  mm.,  and  the  rays  are 
from  ’024 .  to  T  mm.  in  width.  They  are  as  a  rule  much  larger  than  the  average 
dermal  spicules  of  recent  lithistids,  as  may  be  seen  from  those  of  Discodermia  sinuosa, 
Carter  (figs.  15,  15a),  which  have  been  figured  on  the  same  scale  as  the  fossil  forms 
for  comparison. 

These  dermal  spicules  belong  in  all  probability  to  many  distinct  species  of  lithistid 
sponges,  but  they  are  so  rarely  found  in  their  natural  position  on  the  surface  of  these 
sponges  in  the  fossil  state,  that  very  little  is  known  at  present  of  the  particular  forms 
belonging  to  each  species.  The  only  lithistid  sponge  from  the  English  greensand  in 
which  the  dermal  spicules  have  been  found  in  position,  is  Hallirhoa  agariciformis, 
Benett,  sp.,*  and  they  are  of  the  lobate  character  shown  in  figs.  12,  126,  12 d.  As 
numerous  examples  of  the  tetracladina  genera  Siphonia,  Hallirhoa,  Ragadinia, 
kalpmella,  and  Rho palospongia  are  known  from  the  greensand,  which,  there  can 
be  no  doubt,  possessed  a  definite  spicular  dermal  layer,  we  may  conclude  that  these 
dermal  spicules  belong  to  these  genera. 

The  dermal  spicules  are  very  generally  distributed  throughout  the  greensand,  but 
they  are  more  particularly  abundant  in  the  lower  greensand  at  Haslemere,  and  in  the 
upper  greensand  at  Blackdown,  Haldon,  and  Warminster. 


Order  Haxactinellidce,  O.  Schmidt. 

In  contrast  with  the  abundance  of  the  detached  spicules  of  tetractinellid  and  lithistid 
sponges  in  the  sponge-beds,  those  of  the  above  order  are  few  and  of  rare  occurrence. 
There  are  fragments  of  the  skeletal  mesh  of  two  species,  in  which  the  nodes  are 
compact;  in  one  (Plate  45,  figs.  7,  7a,  6)  the  rays  are  robust  and  the  distance  from 
node  to  node  is  ‘3  mm.;  in  the  other  (fig.  8)  the  mesh  is  smaller  and  the  nodes  are 

*  See  Catalogue  Fossil  Sponges  in  the  British  Museum,  pi.  15,  fig.  15. 
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only  -17  mm.  apart.  Both  these  forms  are  present  in  the  lower  greensand  at  Hasle- 
mere,  and  the  smaller  also  occurs  at  Sevenoaks  and  Tilburstow  Hill. 

Portions  of  the  mesh  of  another  species  in  which  the  nodes  are  octahedral  occur  in 
the  malm  at  Merstham  (fig.  9). 

43.  Stauractinella,  sp.  (Plate  45,  figs.  10,  10am). — Free  hexactinellid  spicules  with 
straight  or  curved  rays;  the  rays  are  nearly  of  an  even  thickness  throughout  and 
truncated  at  their  ends.  The  nodes  are  compact,  in  some  only  five  rays  are  developed. 
The  rays  are  from  ‘2  to  ‘53  mm.  in  length,  and  '04  mm.  in  thickness. 

L.  G.  S.,  Haslemere,  U.  G.  S.,  Blackdown,  Merstham. 

44.  Gompliites  Parjitli,  Carter  (Plate  45,  figs.  11,  11a;  op.  cit.,  p.  127.  Plate  9, 
figs.  38,  39). — Free  spicules,  in  which  only  five  rays  are  developed,  the  rays  short, 
tapering,  and  either  straight  or  curved.  The  rays  are  ‘15  to  ‘416  mm.  in  length,  by 
‘066  mm.  in  thickness. 

U.  G.  S.,  Blackdown,  Haldon. 

Whilst  some  of  the  above-mentioned  spicules  are  widely  distributed,  and  range  from 
the  lower  greensand  to  the  upper  chalk,  and  even  to  the  eocene,  there  are  others 
which,  so  far  as  our  present  knowledge  extends,  are  restricted  to  a  single  geological 
horizon.  Thus,  for  example,  the  distinctive  zone  spicules  of  Geodites,  which  I  have 
named  Geodites  robustus,  G.  pusillus,  G.  audax,  and  G.  obtusus,  have  as  yet  only  been 
found  in  the  lower  greensand  ;  Geodites  dejlexus,  G.  Haldonensis  and  Tetliyopsis  Haldo- 
nensis,  are  apparently  restricted  to  the  lower  or  Blackdown  division  of  the  upper 
greensand  ;  Geodites  Carteri  and  G.  prcelongus  occur  in  both  divisions  ;  and  G.  Wrightii 
ranges  from  the  lower  greensand  to  the  upper  chalk. 

The  character  of  the  sponges  in  these  lower  and  upper  greensand  sponge-beds  bears 
a  very  general  resemblance  to  those  which  have  been  deposited,  under  similar  detached 
conditions,  in  the  upper  chalk  of  Norfolk,  the  North  of  Ireland,  Westphalia,  and 
Bohemia.  In  all  these  localities  the  large  majority  of  the  detached  spicules  belong  to 
tetractinellid  sponges  of  the  same  genera  as  those  in  the  greensand,  and  with  these  are 
mingled,  in  varying  proportion,  those  of  the  other  orders  of  siliceous  sponges.  As  a 
rule  entire  sponges  do  not  occur  in  connexion  with  these  detached  spicules,  but  in 
W estphalia  hexactinellid  sponges  are  present  in  the  same  beds. 

Becent  deposits  consisting  largely  of  the  detached  spicules  of  disintegrated  siliceous 
sponges,  similar  to  those  of  the  greensand,  do  not  appear  to  have  been  met  with  in  the 
dredging  expeditions  of  these  last  few  years,  or  at  all  events  there  is  no  record  of 
them,  but  on  the  other  hand  entire  siliceous  sponges  are  stated  by  the  late  Sir  Wyyille 
Thompson*  to  be  very  abundant  in  sonm  areas  of  the  Atlantic. 


*  “Depths  of  the  Sea,”  pp.  416,  430. 
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Summary. 


I  have  pointed  out  in  this  paper  the  occurrence  in  the  lower  and  upper  greensand 
strata  of  the  Wealden  area,  the  Isle  of  Wight,  and  the  South-Western  counties,  of 
beds  of  rock,  formed  to  a  large  extent  of  the  detached  spicular  remains  of  siliceous 
sponges,  and  thus  distinctly  of  organic  origin.  Their  true  characters  have  not  been 
generally  recognised,  and  they  have  usually  been  described  as  deposits  of  sandstone, 
chert,  malm,  hearthstone,  firestone,  &c.  In  the  lower  greensand  these  beds  are 
mainly  developed  in  the  lower  or  Hythe  division,  and  they  are  exposed  at  Haslemere, 
Midhurst,  Petworth,  Godaiming,  Tilburstow  Hill,  near  Godstone,  Sevenoaks,  Maid¬ 
stone,  and  at  Hythe.  The  sponge-beds  vary  from  three-quarters  of  an  inch  to  three 
feet  in  thickness  ;  between  them,  as  a  rule,  there  are  intervening  beds  of  sand  or 
sandstone.  The  greatest  total  thickness  of  the  sponge-beds  exposed  in  one  section  is 
11  feet.  Sponge-beds  are  less  qpmmon  in  the  higher  or  Folkestone  division  of  the 
lower  greensand,  but  they  are  numerous  at  Folkestone  itself,  and  reach  a  total 
thickness  of  more  than  eight  feet,  and  there  is  also  a  thin  bed  in  this  division  at 
Sevenoaks.  The  lower  greensand  strata  at  Faringdon,  in  Berkshire,  is  of  an 
altogether  different  character  to  those  of  the  same  formation,  in  the  area  treated  of  in 
this  paper,  and  the  sponges  which  abound  therein  are  likewise  entirely  different, 
being  calcisponges  and  retaining  their  entire  forms. 

The  sponge-beds  in  the  upper  greensand  are  of  two  distinct  types,  one  of  which  is 
shown  on  the  northern  and  western  margin  of  the  Weald,  and  the  other  in  the  Isle  of 
Wight,  and  further  westwards  in  the  counties  of  Wilts,  Somerset,  Dorset,  and  Devon. 
In  the  first-named  district  the  sponge-beds  are  of  a  soft,  grayish-white,  siliceous  or 
siliceo-calcareous  rock,  known  under  the  names  of  malm,  hearth,  or  firestone.  In 
this  the  sponge-spicules  principally  occur  in  the  negative  form  of  minute  empty  casts, 
the  presence  of  which  renders  the  rock  extremely  light  and  porous.  The  beds  can  be 
traced  nearly  continuously  along  the  northern  and  western  margin  of  the  Wealden 
area,  and  they  are  well  shown  at  Godstone,  Merstham,  near  Beigate,  Betch worth, 
Farnham,  and  Selborne.  Further  northwards  they  are  present  at  Wallingford,  in 
Berkshire.  The  beds  vary  in  thickness  from  15  feet  at  Merstham  to  60  feet  at 
Farnham. 

In  the  more  typical  upper  greensand  of  the  Isle  of  Wight  and  the  south-western 
counties,  the  sponge-beds  consist  of  thick  layers  of  chert  and  porous  siliceous  rock  at 
the  summit  of  the  series,  immediately  beneath  the  so-called  chlorite  marl ;  whilst  in 
the  lower  division  the  sponge  remains  principally  occur  in  loose  quartzitic  sands  with 
siliceous  accretions.  The  chert  or  sponge-beds  at  the  top  of  the  upper  greensand  are 
best  exposed  at  Shanklin,  Yentnor,  and  the  Undercliff,  in  the  Isle  of  Wight,  at 
Warminster  in  Wiltshire,  and  Penzlewood  in  Somersetshire.  They  vary  from  10 
to  25  feet  in  thickness.  The  sponge-beds  of  the  lower  division  are  scarcely 
recognisable  in  the  Isle  of  Wight,  but  they  attain  a  thickness  of  10  to  20  feet 
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oil  the  summit  of  the  Blackdown  and  Haldon  Hills  in  Devonshire,  and  at  Axmouth 
in  Dorsetshire.  The  chert  here  is  only  present  in  beds  of  subordinate  importance. 

Sponge-beds  of  similar  characters  to  those  of  the  greensand  have  been  described 
from  the  Hils-sandstein,  in  Westphalia,  which  is  of  neocomian  age,  and,  judging  from 
specimens  which  I  have  examined,  the  “gaize  de  fArgonne,”  which  is  largelv 
developed  in  the  Ardennes,  and  the  “  meule  de  Bracquegnies,”  in  Belgium,  are 
sponge-beds,  filled  with  spicules  and  spicular  casts  like  those  of  the  greensand. 

The  sponge-remains  in  the  various  beds  are  exclusively  those  of  siliceous  sponges. 
In  some  the  silica  of  the  spicules  yet  retains  its  original  colloidal  condition,  in  which 
it  is  negative  to  polarised  light,  and  readily  soluble  in  caustic  potash.  The  matrix  of 
the  sponge-beds  of  the  malm  and  firestone  is  also  to  a  large  extent  of  colloidal  or 
amorphous  silica,  and  this  material  has  been  deposited  in  the  form  of  minute  globules 
or  discs,  and  it  seems  to  have  been  derived  from  the  sponge-spicules,  with  the  emptv 
casts  of  which  the  beds  are  throughout  filled. 

More  generally  the  origina]  amorphous  silica  of  the  sponge-remains  has  been  altered 
to  chalcedony,  and  the  chert  and  porous  siliceous  rock  accompanying  it,  which  is  filled 
with  traces  of  the  spicules,  are  likewise  of  chalcedony ;  occasionally  the  chalcedony 
gives  place  to  crystalline  silica. 

Glauconite  very  commonly  fills  the  canals  of  the  spicules,  and  remains  after  the 
spicular  walls  have  been  removed  ;  it  also  replaces  the  spicular  walls. 

In  some  sponge-beds  the  spicules  have  been  nearly  entirely  replaced  by  crystalline 
calcite  ;  they  are  imbedded  in  a  matrix  of  granular  limestone. 

As  a  general  rule  the  sponge-spicules  are  inclosed  in  a  compact  matrix,  in  which 
their  forms  can  only  be  partially  studied,  but  under  certain  conditions  they  are  loosely 
distributed  in  sand  or  in  fine  powder  in  cavities  in  chert,  from  whence  they  can  be 
obtained  quite  free  from  matrix.  The  sponge-beds  appear  to  be  wholly  composed  of 
detached,  free  spicules;  entire  sponges  are  absent.  These  spicules  belong  to  numerous 
species.  All  four  orders  of  siliceous  sponges  are  represented,  but  those  of  monacti- 
nellid  and  hexactinellid  sponges  form  but  a  small  proportion,  whilst  those  of  tetracti- 
nellid  and  lithistid  sponges,  more  particularly  of  the  megamorina  family,  are  extremely 
abundant. 


Explanation  of  Plates. 

PLATE  40. 

Fig.  1.  Microscopic  section  of  a  sponge-bed  in  the  upper  greensand  at  Warminster, 
showing  entire  and  fragmentary  spicules  of  colloid  silica,  inclosed  hi  a 
matrix  of  transparent  chalcedonic  silica.  Colloid  silica  in  the  globular 
form  is  also  present.  X  40  diameters. 
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Fig.  2.  Microscopic  section  of  a  nodule  from  the  upper  greensand  firestone  at  God- 
stone,  filled  with  spicules  of  colloid  silica  in  a  siliceo-calcareous  matrix. 
X  40  diameters. 

Fig.  3.  Microscopic  section  of  chert  from  the  upper  greensand  at  Penzlewood,  showing 
spicules  and  spicular  canals  of  chalcedonic  and  crystalline  silica,  in  a  matrix 
of  the  same  material.  X  40  diameters. 

Fig.  4.  Microscopic  section  of  a  sponge-bed  in  the  lower  greensand  at  Tilburstow  Hill, 
showing  spicules  replaced  by  crystalline  calcite,  inclosed  in  a  matrix  of 
granular  calcite.  X  40  diameters. 

Fig.  5.  Microscopic  section  of  the  malm  rock  from  Merstham,  showing  a  portion  of  a 
sponge-spicule  in  which  the  silica  is  in  the  globular  form.  The  matrix 
largely  consists  also  of  colloid  globular  silica,  with  mica  scales,  grains  of 
glauconite,  and  a  small  proportion  of  chalcedonic  silica.  X  150  diameters. 

Fig.  6.  Microscopic  section  of  a  spongedaed  in  the  upper  greensand  at  Warminster, 

.  showing  a  portion  of  a  sponge-spicule,  the  central  part  of  which  consists 
of  colloid  silica  in  a  globular  form,  whilst  the  exterior  is  of  chalcedonic 
silica.  X  150  diameters. 

Fig.  7.  A  fractured  surface  of  the  upper  greensand  “  malm  ”  at  Merstham,  showing 
the  empty  casts  of  spicules  in  a  matrix  of  globular  silica.  X  40  diameters. 

Fig.  8.  A  portion  of  a  sponge-spicule  from  Warminster,  in  which  the  colloid  silica  is 
traversed  by  curved  lines.  X  150  diameters. 

Fig.  9.  A  microscopic  section  of  a  portion  of  another  spicule,  still  further  magnified, 
in  which  the  lines  appear  as  incomplete  elliptical  rings  with  smooth  rims. 
X  560  diameters. 

PLATE  41. 

Figs.  1,  la,  b.  Reniera  gracilis. — Haslemere,  Blackdown.  X  60  diameters. 

Figs.  2,  2a.  Reniera  obtusa. — Blackdown.  X  60  diameters. 

Figs.  3,  3a,  b.  Reniera  cucumis. — Near  Warminster.  X  60  diameters. 

Figs.  4,  Aa-e.  Reniera  Zitteli,  Pocta. — Haslemere,  Blackdown.  X  60  diameters. 

Figs.  5,  5 a~f.  Reniera  truncata. — Near  Warminster.  X60  diameters. 

Figs.  5 g—h.  Reniera  truncata?  Immature  spicules  in  which  the  canal  remains  open 
throughout  its  length. — Near  Warminster.  X  60  diameters. 

Figs.  6,  6a-e.  Axinella  dispersa. — Blackdown  ;  near  Warminster,  Merstham.  X  60 
diameters. 

Figs.  7,  7a.  Axinella  gracilis. — Haslemere,  Blackdown.  X  60  diameters. 

Figs.  8,  8 a-d.  Axinella  stylus. — Haslemere,  Blackdown.  X  40  diameters. 

Figs.  9,  9a.  Spirastrella  neocomiensis. — Haslemere.  X  60  diameters. 

bigs.  10,  10a-o.  Geodites.  Acuate  spicules  of  different  forms  and  dimensions  be¬ 
longing  to  various  species. — Haslemere,  Blackdown,  Haldon ;  near  War¬ 
minster,  Merstham.  X  40  diameters. 
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Figs.  11,  lla-6.  Monilites  Haldonensis,  Carter.  —  Blackdown ;  near  Warminster 
X  80  diameters, 

Fig.  12,  Esperites  Haldonensis,  Carter. — Blackdown.  X  60  diameters. 

Fig.  1 3.  Geodites  Wrightii.  Acnate  spicule,  fragmentary.  X  40  diameters. 

Fig.  14.  Dirrhopalum  neocomiensis. — Haslemere.  X  40  diameters. 

Figs.  15,  15a,  16.  Pachymatisma?  virga. — Blackdown,  Haldon.  15a,  X  40  diameters, 
figs.  15,  16,  X  60  diameters. 

Figs.  17,  1 7a-4c.  Geodites  Carteri.  Zone  spicules,  showing  various  modifications  of 
the  head  rays.  In  figs.  175,  k,  only  two  of  the  rays  are  developed.— 
Haslemere,  Blackdown.  X  40  diameters. 

Fig.  18.  Hamate  spicule. — Haslemere.  X  60  diameters. 

PLATE  42. 

Figs.  1,  la-c.  Geodites  prcelongus.  Zone  spicules  with  simple  and  bifurcate  head-rays. 
- — Haslemere,  Sevenoaks.  X  40  diameters. 

Figs.  2,  2a.  Geodites  robustus.  Zone  spicules. — Haslemere.  X  40  diameters. 

Figs.  3,  3 a— c.  Geodites  audax.  Zone  spicules.  Fig.  36  shows  the  peculiar  manner  in 
which  the  infilled  axial-canal  has  been  contorted  and  displaced.  Fig.  3  is 
the  head  of  a  spicule  seen  from  beneath. — Haslemere,  X  40  diameters. 

Figs.  4,  4a.  Geodites  obtusus.  Zone  spicules,  the  shafts  incomplete.— Sevenoaks. 
X  40  diameters. 

Figs.  5,  5 a—c.  Geodites  politus.  Zone  spicules  and  anchor  spicule  (5c.) — Merstkam, 
Folkestone.  X  40  diameters. 

Figs.  6,  6a,  6.  Geodites  pusillus.  Zone  spicules. — Haslemere.  X  40  diameters. 

Figs.  7,  7a-g.  Geodites  Haldonensis ,  Carter.  Zone  spicules  with  variously  modified 
head-rays.- — Blackdown.  X  40  diameters, 

Figs.  8,  8a.  Geodites  divergens.  Zone  spicules  with  very  prominent  canals. — Near 
Warminster,  X  40  diameters. 

Fig.  9.  Geodites  Wrightii.  Zone  spicule,  moniliform. — Haslemere,  X  40  diameters. 

Fig.  10.  Geodites  dejlexus.  Zone  spicule,  shaft  incomplete. — Blackdown.  X40 
diameters, 

Figs.  11,  11a,  6.  Geodites  divergens.  Zone  spicules.  —  Near  Warminster.  X40 
diameters. 

Figs.  12,  12a-e,  Geodites  gracilis.  Slender  zone  spicules. — Blackdown;  near  War¬ 
minster,  Merstham. 

Figs.  13,  13a-c.  Geodites  planus.  Zone  spicules  with  horizontally  extended  head-rays. 
Haldon  ;  near  Warminster.  X  40  diameters. 

Figs.  14,  14a-e.  Stellettites  ?  sp.  Zone  spicules,  with  reduced  shaft  and  horizontally 
extended  head-rays. — Blackdown;  near  Warminster,  Merstham,  X60 
diameters. 
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Figs.  15,  15a.  Tethyopsis  Haldonensis,  Carter.  Zone  spicules.— Blackdown,  Haidon. 
X  40  diameters. 

i  Figs.  16,  16a.  Geodites  Haldonems,  Carter.  “  Anchor”  spicules,  shafts  incomplete. 
— Haidon,  Penzlewood.  X  40  diameters. 

Figs.  17,  \7a-h  Small  trifid  spicules  of  different  species.  Figs.  17,  17a,  b,  young 
spicules  of  Geodites.  X  60  diameters.  Figs.  17c,  d,  e,  allied  to  Pacha¬ 
strella.  Figs.  17 g,  h,  i,  spicules  replaced  by  glauconite.  Fig.  17lc,  dermal 
spicule  of  lithistid.  X  60  diameters. — Blackdown,  Warminster,  Merst- 
ham,  Yentnor. 


PLATE  43. 

Figs.  1,  1  a-d.  Tethyopsis  Haldonensis,  Carter. — Blackdown.  X  40  diameters. 

Figs.  2,  2 a-f.  Geodites.  Globate  and  globostellate  spicules  of  the  dermal  layer  of 
various  species. — Haslemere,  Blackdown,  near  Warminster.  X  80  dia¬ 
meters. 

Fig.  3.  Stellettites  callodiscus,  Carter.  Spicule  of  the  dermal  layer. — Near  War¬ 
minster.  X  80  diameters. 

Figs.  4,  4 a-i.  Pachastrella  Haldonensis,  Carter.  Four-rayed  spicules  of  the  skeleton. 

Blackdown;  near  Warminster,  Merstham.  Fig.  4a.  X  60  diameters  ;  the 
others  X  40  diameters. 

Figs.  5,  5a,  b.  Pachastrella  Carteri. — Haslemere,  Blackdown,  Merstham.  X  40  dia¬ 
meters. 

Figs.  6,  6a,  Pachastrella  quadriradiata,  Carter. — Blackdown,  near  Warminster. 
X  80  diameters. 

Figs.  7,  7 ci-z.  Doryderma.  Spicules  of  various  forms  belonging  to  the  body  and  stem 
of  different  species  of  this  and  allied  genera  of  the  megamorina  family  of 
lithistid 8e. — Haslemere,  Blackdown,  Haidon,  near  Warminster,  Merstham. 
X  40  diameters. 


PLATE  44. 

Figs.  1-14.  Various  forms  of  spicules  of  the  dermal  layer,  probably  belonging  to 
different  species  of  tetracladine  lithistid®,  of  the  genera  Siphonia,  Hal- 
lirhoa,  Ragadinia,  See. — From  Haslemere,  Blackdown,  Haidon,  near  War¬ 
minster,  Merstham.  All  drawn  by  means  of  the  camera  lucida  to  the 
same  scale  of  60  diameters. 
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Figs.  15,  15a.  Discodermia  sinuosa,  Carter.  Spicules  of  the  dermal  layer  of  this 
existing  species,  for  comparison  with  those  of  the  fossil  lithistids.  From 
the  Gulf  of  Manaar.  Drawn  from  examples  of  the  typical  species,  kindly 
presented  to  the  Author  by  Mr.  H.  J.  Carter,  F.R.S.  X  60  diameters. 


PLATE  45. 

Figs.  1— 1c.  Carterella,  sp.  Skeletal  spicules.— From  near  Warminster.  X  40  dia¬ 
meters. 

Figs.  2-2k.  Mastosia  neocomiensis.  Various  forms  of  skeletal  spicules. — From  Hasle- 
mere,  Flaldon  ;  near  Warminster,  X  40  diameters. 

Figs.  3,  4-4 d.  Chenendopora,  sp.  Skeletal  spicules  probably  of  more  than  one 
species. — Blackdown,  Tilburstow  Hill,  near  Warminster.  X  60  diameters. 

Figs.  5,  5a,  b.  Rciyadinia,  sp,  Skeletal  spicules. — Haslemere,  near  Warminster.  X60 
diameters. 

Figs.  6,  6a-/.  Siphonia,  sp.  Skeletal  spicules  probably  of  different  species. — Black- 
down,  near  Warminster.  X  60  diameters. 

Figs.  7,  7a,  b.  Fragments  of  the  skeletal  mesh  of  a  species  of  Hexactinellid. — Hasle¬ 
mere.  X  60  diameters. 

Fig.  8.  Fragment  of  the  skeletal  mesh  of  another  species. — Sevenoaks.  X  60  dia¬ 

meters. 

Fig.  9.  Fragment  of  the  skeletal  mesh  of  another  species  in  which  the  spicular  nodes 
are  octahedral. — Merstham.  X  60  diameters. 

Figs.  10,  10c.  iStauractinella,  sp. — Blackdown,  Merstham.  X  60  diameters. 

Figs.  11,  11a.  Gompliites  Parfitti,  Carter. — Blackdown,  Haldon.  X  60  diameters. 

Fig.  12.  Acerate  spicule. — From  near  Warminster.  X  560  diameters. 

Fig.  13.  An  imperfect  spicule,  the  walls  of  which  have  been  partially  dissolved  away, 
whilst  the  inhlled  interior  canal  has  remained  intact. — From  Blackdown. 
X  40  diameters. 

Figs.  14,  14a.  The  infilled  canals  of  a  spicule  of  Geodites  and  one  of  Pachastrella, 
which  have  remained  after  the  walls  of  the  spicule  have  been  entirely 
dissolved  away. — From  Chert,  Penzlewoocl.  X  40  diameters. 

Figs.  15,  15c.  Residuary  spicules,  in  which  the  colloidal  silica  has  been  removed,  and 
the  form  of  the  spicule  is  retained  in  glauconite  or  allied  silicate.  These 
spicules  are  frequently  contracted  and  distorted  in  a  peculiar  manner. — 
From  Ventnor,  and  near  Warminster. 

Fig.  16.  A  spicule  of  Geodites,  in  which  the  outer  walls  have  been  removed,  and  the 
infilled  canal  is  surrounded  by  discs  or  globules  of  colloid  silica. — From 
siliceous  material  in  cavities  in  chert,  near  Warminster.  X  150  diameters. 
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Fig.  17.  A  transverse  microscopic  section  of  a  spicule  in  which  the  silica  is 
crystalline  and  exhibits  a  radiated  fibrous  structure. — From  chert  at 
Petworth.  X  1  50  diameters. 

Figs.  18,  186.  Free  discs  or  globules  of  colloidal  silica. — From  soft  malm  rock  at 
Farnham.  X  560  diameters. 

Figs.  19,  19e.  Discs  or  globules  of  colloidal  silica,  showing  an  indefinite  nucleus,  and 
faintly-marked  radiating  striae.  In  19<i,  e,  the  radiations  start  from  a 
central  point. — From  loose  powdery  material  in  cavity  in  chert,  near 
Warminster.  X  560  diameters. 

Fig.  20.  A  single  coccolith  from  the  Atlantic  ooze  for  comparison  with  the  siliceous 
globules.  X  560  diameters. 
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Yin.  Magnetisation  of  Iron. 

By  John  Hopkinson,  M.A.,  D.Sc.,  F.R.S. 

Received  March  30, — Read  April  23,  1885. 

[Plates  46-52. J 
Preliminary. 

The  experimental  determination  of  the  relation  between  magnetisation  and  magnetising 
force,  would  be  a  simple  matter  if  the  expression  of  such  relation  were  not  complicated 
by  the  fact  that  the  magnetisation  depends  not  alone  on  the  magnetising  force  at  the 
instant,  but  also  upon  previous  magnetising  forces  ;  in  fact,  if  it  were  not  complicated 
by  the  phenomena  of  residual  magnetism.  In  the  absence  of  any  satisfactory  theory, 
we  can  only  experimentally  attack  particular  cases,  and  the  results  obtained  have 
only  a  limited  application  ;  for  example,  we  may  secure  that  the  sample  examined  has 
never  been  submitted  to  greater  magnetising  force  than  that  then  operating,  and  we 
may  determine  a  curve  showing  the  relation  of  magnetisation  to  magnetising  force 
when  the  latter  is  always  increasing ;  we  may  also  determine  the  residual  magnetism 
when  after  each  experiment  the  magnetising  force  has  been  removed.  Such  curves 
have  been  determined  by  Rowland  (Phil.  Mag.,  Aug.,  1873)  and  others.  For  many 
purposes  a  more  useful  curve  is  one  expressing  the  relation  of  the  magnetising  force 
and  magnetisation  when  the  former  is  first  raised  to  a  maximum  and  then  let  down  to 
a  defined  point ;  such  curves  have  been  called  descending  curves.  One  or  two 
descending  curves  are  given  in  a  paper  by  Mr.  Shida  (Proc.  R.  S.,  1883,  p.  404). 
It  has  been  shown  by  Sir  W.  Thomson  and  others  that  the  magnetisation  of  non 
depends  greatly  upon  the  mechanical  force  to  which  the  iron  is  at  the  time  submitted. 
In  the  following  experiments  the  samples  were  not  intentionally  submitted  to  any 
externally  applied  force.  Clerk  Maxwell  gives  in  his  ‘  Electricity  and  Magnetism,’ 
chap.  6,  vol.  ii.,  a  modification  of  Weber’s  theory  of  induced  magnetism,  and  from 
this  he  deduces,  amongst  other  things,  what  had  been  already  observed,  that  non  may 
he  strongly  magnetised  and  then  completely  demagnetised  by  a  reversed  force,  but 
that  it  will  not  even  then  be  in  the  condition  of  iron  which  has  never  been  magnetised, 
but  will  be  more  easily  affected  by  forces  in  one  direction  than  in  the  other.  This  I 
have  verified  in  several  cases.  The  ordinary  determinations  of  residual  magnetisation 
are  not  applicable  to  determine  the  permanent  magnetism  which  a  piece  of  the 
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material  of  suitable  given  form  will  retain  after  removal  of  external  magnetising  force, 
but,  as  will  be  shown,  the  descending  curves  which  express  the  relation  of  magnetisa¬ 
tion  and  force,  where  these  are  diminishing,  can  be  at  once  used  for  this  purpose. 
Such  curves  can  also  be  used,  as  has  been  shown  by  Warburg  and  by  Ewing 
(Report  Brit.  Assn.,  1883),  to  determine  the  energy  dissipated  when  the  magnetisation 
of  iron  is  reversed  between  given  limits.  That  such  dissipation  must  occur  is  clear, 
but  some  knowledge  of  its  amount  is  important  for  some  of  the  recent  practical 
applications  of  electromagnetism.  Probably  Professor  Ewing  has  made  a  more 
complete  experimental  study  of  magnetisation  of  iron  than  any  one  else.  The 
researches  of  Professor  Hughes  should  be  mentioned  here,  as,  although  his  results  are 
not  given  in  any  absolute  measure,  his  method  of  experiment  is  remarkable  beyond  all 
others  for  its  beautiful  simplicity.  I  have  had  great  doubts  whether  it  was  desirable 
that  I  should  publish  my  own  experiments  at  all.  My  reason  for  deciding  to  offer 
them  to  the  Royal  Society  is  that  a  considerable  variety  of  samples  have  been 
examined,  that  in  nearly  all  cases  I  am  able  to  give  the  composition  of  the  samples, 
that  the  samples  are  substantial  rods  forged  or  cast  and  not  drawn  into  wire,  and  that 
determinations  of  specific  electric  resistance  have  been  made  on  these  rods  which  have 
some  interest  from  a  practical  point  of  view. 

Method  of  experiment. 

Let  $  be  the  magnetic  force  at  any  point,  S3  the  magnetic  induction,  and  3  the 
magnetisation  (vide  Thomson,  reprint.  Maxwell,  vol.  ii.,  ‘  Electricity  and  Magnetism’), 
then  33  =  <§  +  47t3-  We  may  therefore  express  any  results  obtained  as  a  relation  between 
any  two  of  these  three  vectors ;  the  most  natural  to  select  are  the  induction  and  the 
magnetic  force,  as  it  is  these  which  are  directly  observed.  S3  is  subject  to  the  sole- 
noidal  condition,  and  consequently  it  is  often  possible  to  infer  approximately  its  value 
at  all  points,  from  a  knowledge  of  its  value  at  one,  by  guessing  the  form  of  the  tubes 
of  induction.  .§  is  a  force  having  a  potential,  and  its  line  integral  around  any  closed 
curve  must  be  zero  if  no  electric  currents  pass  through  such  closed  curve,  but  is  equal 
to  47rc  if  c  be  the  total  current  passing  through  the  closed  curve.  In  arranging  the 
apparatus  for  my  experiments,  I  had  other  objects  in  view  than  attaining  to  a  very 
small  probable  error  in  individual  results.  I  wished  to  apply  with  ordinary  means 
very  considerable  magnetising  forces ;  also  to  use  samples  in  a  form  easily  obtained  ; 
but  above  all  to  be  able  to  measure  not  only  changes  of  induction  but  the  actual 
induction  at  any  time.  The  general  arrangement  of  the  experiments  is  shown  in 
fig.  1,  and  the  apparatus  in  which  the  samples  are  placed  in  fig.  2.  In  the  latter, 
fig.  A  A  is  a  block  of  annealed  wrought  Ron  457  millims.  long,  165  wide,  and  51  deep. 
A  rectangular  space  is  cut  out  for  the  magnetising  coils  BB.  The  test  samples  consist 
of  two  bars  CCf,  12'65  millims.  in  diameter;  these  are  carefully  turned,  and  slide  in 
holes  bored  in  the  block,  an  accurate  but  loose  fit ;  the  ends  which  come  in  contact 
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are  faced  true  and  square  ;  a  space  is  left  between  the  magnetising  coils  BB  for  the 
exploring  coil  D,  which  is  wound  upon  an  ivory  bobbin,  through  the  eye  of  which  one 
of  the  rods  to  be  tested  passes.  The  coil  D  is  connected  to  the  ballistic  galvanometer, 
and  is  pulled  upwards  by  an  india-rubber  spring,  so  that  when  the  rod  C  is  suddenly 
pulled  back  it  leaps  entirely  out  of  the  field.  Each  of  the  magnetising  coils  B  is 
wound  with  twelve  layers  of  wire,  1T3  mm.  diameter,  the  first  four  layers  being 
separate  from  the  outer  eight,  the  two  outer  sets  of  eight  layers  are  coupled  parallel, 
and  the  two  inner  sets  of  four  layers  are  in  series  with  these  and  with  each  other. 
The  magnetising  current  therefore  divides  between  the  outer  and  less  efficient  convo¬ 
lutions,  but  joins  again  to  pass  through  the  convolutions  of  smaller  diameter.  The 
effective  number  of  convolutions  in  the  two  spools  together  is  2008.  Referring  to 
fig.  1,  the  magnetising  current  is  generated  by  a  battery  of  eight  Grove  cells  E,  its 
value  is  adjusted  by  a  liquid  rheostat  F,  it  then  passes  through  a  reverser  G,  and 
through  a  contact  breaker  H,  where  the  circuit  can  be  broken  either  before  or  at  the 
same  instant  as  the  bar  C  is  withdrawn  ;  from  H  the  current  passes  round  the 
magnetising  coils,  and  thence  back  through  the  reverser  to  the  galvanometer  K.  The 
galvanometer  K  was  one  of  those  supplied  by  Sir  W.  Thomson  for  electric  light  work, 
and  known  as  the  graded  galvanometer,  but  it  was  fitted  with  a  special  coil  to  suit  the 
work  in  hand.  The  exploring  coil  D  was  connected  through  a  suitable  key  with  the 
ballistic  galvanometer  L.  Additional  resistances  M  could  be  introduced  into  the 
circuit  at  pleasure,  and  also  a  shunt  resistance  N.  With  this  arrangement  it  was 
possible  to  submit  the  sample  to  any  series  of  magnetising  forces,  and  at  the  end 
of  the  series  to  measure  its  magnetic  state ;  for  example,  the  current  could  be  passed 
in  the  positive  direction  in  the  coils  B,  and  gradually  increased  to  a  known  maximum  ; 
it  could  then  be  gradually  diminished  by  the  rheostat  F  to  a  known  positive  value, 
or  it  could  be  reduced  to  zero  ;  or,  further,  it  could  be  reduced  to  zero,  reversed  by  the 
reverser  G,  and  then  increased  to  any  known  negative  value.  At  the  end  of  the 
series  of  changes  of  magnetising  current,  the  circuit  is  broken  at  H  (unless  the 
current  was  zero  at  the  end  of  the  series),  and  the  bar  C  is  simultaneously  pulled 
outwards.  Three  successive  elongations  of  the  galvanometer  L  are  observed.  From 
the  readings  of  the  galvanometer  K,  the  known  number  of  convolutions  of  the  coils 
B,  and  an  assumed  length  for  the  sample  bars,  the  intensity  of  the  magnetising 
force  $  is  calculated.  The  exploring  coil  D  had  350  convolutions.  From  its 
resistance,  together  with  that  of  the  galvanometer  with  shunts,  the  sensibility  of  the 
galvanometer,  its  time  of  oscillation,  and  its  logarithmic  decrement,  a  constant  is 
calculated  which  gives  the  intensity  of  induction  in  the  iron  from  the  mean  observed 
elongation  of  the  galvanometer.  The  resistances  have  been  corrected  in  the 
calculation  for  the  error  of  the  B.A.  unit,  and  both  galvanometers  were  standardised 
on  the  assumption  that  a  certain  Clark’s  cell  had  an  electromotive  force  of 
1'434X  108  C.G.S.  units.  This  Clark’s  cell  had  been  compared  to  and  found  identical 
with  those  tested  by  Lord  Rayleigh. 
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Let  the  mean  length  of  the  lines  of  induction  in  the  sample  be  l,  and  cr  the  section 
of  the  sample ;  let  V  be  the  length  of  lines  of  induction  in  the  block,  and  cr'  their 
section,  ©  the  intensity  of  induction  in  the  sample,  53  in  the  block,  then  crSB=crb8'=I; 
let 

53  =  fo§, 

and 

then 


or 


A*  P 
II 


=Z^TTllC  — 


fia 


§ds 
Vf_ 

cr' 


where  n  is  the  number  of  convolutions  of  the  magnetising  coils.  Now  in  the  instru- 

II' 

ment  used  cr'  is  large,  and  p/  is  as  large  as  can  be  obtained,  hence  the  term  is 


small  comparatively.  My  first  intention  was  to  correct  the  magnetising  force  by 
deducting  this  small  correction,  but  finally  I  did  not  do  so,  because  in  the  more 
interesting  results  the  magnetism  of  the  block  is  dependent  in  part  upon  previous 
magnetising  forces,  the  effect  of  which  cannot  be  allowed  for  with  certainty.  We  know 
then  that  in  all  the  curves  the  magnetising  force  indicated  is  actually  too  great  by  a 
small  but  sensible  amount,  which  does  not  affect  the  general  character  of  the  results  or 
their  application  to  any  practical  purpose.  The  magnetising  force  then  at  any  point 

4r7T?iC  • 

of  the  sample  is — =  — - a  small  correction  which  we  deliberately  neglect.  There 

C  fX  i 

is  another  source  of  uncertainty  iu  the  magnetising  force  :  the  length  l  is  certainly 
greater  than  the  space  within  the  wrought  iron  block,  but  it  is  not  possible  to  say 
precisely  how  much  greater.  If  the  sample  bars  and  the  block  were  a  single  piece,  the 
results  of  Lord  Rayleigh  for  the  resistance  of  a  wire  soldered  into  a  block  would  be 
fairly  applicable  ;  but  it  is  essential  that  there  should  be  sufficient  freedom  for  the  bar 
to  slide  in  the  hole  ;  the  minute  difference  between  the  diameters  of  the  sample  and 
the  hole  will  increase  the  value  which  should  be  assigned  to  l.  Throughout,  l  is 
assumed  to  be  32  centims.,  and  it  is  not  likely  that  this  value  is  incorrect  so  much  as 
half  the  radius  of  the  bar,  or  1  per  cent.  The  magnetising  forces  ranged  up  to 
240  C.G.S.  units  when  both  bars  were  of  the  same  material.  In  some  cases  a  single 
bar  only  was  available  for  experiment ;  the  plan  then  was  to  use  it  as  the  bar  -which 
enters  into  the  exploring  coil,  and  for  the  other  to  use  a  known  bar  of  soft  iron.  We 
have  then  to  deduct  from  Anne  the  magnetising  force  required  to  magnetise  the  bar  of 
soft  iron  to  the  state  observed,  and  to  distribute  the  remainder  over  the  shorter  length 
of  sample  examined.  The  results  obtained  in  this  way  are  subject  to  a  greater  error, 
because  some  lines  of  induction  undoubtedly  make  their  way  across  from  the  end  of 
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the  soft  iron  bar  to  the  body  of  the  block.  A  small  correction  is  required,  important 
in  the  case  of  bodies  but  slightly  magnetic,  for  the  fact  that  the  area  of  the  exploring 
coil  is  greater  than  the  area  of  the  bars  tested.  Thus  the  induction  measured  by  the 
exploring  coil  is  not  only  that  in  the  sample,  but  something  also  in  the  air  around  the 
sample.  The  amount  of  this  was  tested  by  substituting  for  a  sample  of  iron  or  steel  a 
bar  of  copper,  and  afterwards  a  rod  of  wood,  and  it  was  found  in  both  cases  that  the 
induction  03  was  370  when  the  force  <£)  was  230.  The  correction  is  in  all  cases  small, 
but  it  has  been  applied  in  the  column  giving  the  maximum  induction,  as  it  materially 
affects  the  result  when  the  sample  contains  much  manganese,  and  is  consequently  very 
little  magnetic. 

The  resistances  were  determined  by  the  aid  of  a  differential  galvanometer,  the 
connections  being  made  as  shown  in  the  accompanying  diagram,  fig.  3.  The  additional 
resistance  It  was  adjusted  until  the  balance  was  obtained.  The  resistances  actually 
measured  are,  some  of  them,  as  low  as  goVo  °f  an  ohm,  they  must  not  therefore  be 
regarded  as  so  accurate  as  determinations  made  upon  samples  of  a  more  favourable 
form ;  they,  however,  do  show  the  remarkable  effect  of  several  impurities  in  iron, 
though  it  is  possible  that  some  of  the  results  may  be  in  error  nearly  1  per  cent. 

Results  obtained. 

In  all,  thirty-five  distinct  samples  were  tested,  of  twenty  compositions.  The  first 
three  were  supplied  to  me  by  Messrs.  Mather  and  Platt,  and  of  these  I  have  no 
analyses.  All  the  rest  were  analysed  for  me  in  the  laboratory  of  Sir  Joseph 
Whitworth  and  Co.,  and  the  samples  of  material  were  actually  prepared  there, 
excepting,  Hadfield’s  steel,  No.  X. ;  Bessemer  iron  made  by  the  basic  process  for 
telegraph  wire,  No.  IV.,  from  the  North-Eastern  Steel  Company;  and  two  Tungsten 
steels,  Nos.  XXX.  and  XXXI.,  which  are  in  general  use  for  permanent  magnets. 

I  would  express  here  my  great  indebtedness  to  Mr.  Gledhill,  one  of  the  managing 
directors  of  Sir  J.  Whitworth  and  Co.,  for  preparing  for  me  the  samples  I  desired, 
and  having  them  analysed.  The  fact  is,  indeed,  that  any  value  this  paper  may 
possess  really  lies  in  the  variety  of  samples  tried  and  in  the  accompanying  chemical 
analysis,  both  due  to  Mr.  Gledhill.  Samples  Nos.  I.-X.  and  XXXII.-XXXV.  were 
tested  with  a  pair  of  bars,  the  rest  with  a  single  bar  of  the  sample  used,  in  com¬ 
bination  with  a  bar  of  wrought  iron.  The  particulars  of  the  several  samples  are 
most  conveniently  given  in  a  table  which  follows,  and  to  which  I  shall  presently  refer. 
With  many  samples  observations  were  made  sufficient  to  plot  the  ascending  and 
descending  curves  which  express  induction  in  terms  of  magnetising  force,  but  as  these 
can  make  no  pretence,  for  reasons  already  stated,  to  such  accuracy  as  would  warrant 
their  use  in  testing  a  theory  as  to  the  form  of  curves  of  magnetisation,  a  few  only  are 
given  as  examples,  and  in  other  cases  results  are  given  in  the  table  sufficient  to  define 
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in  absolute  measure  the  primary  magnetic  properties  of  the  materials  and  the  very 
characteristic  way  in  which  they  differ  from  each  other. 

The  curves  given  include  in  each  case  an  ascending  curve,  taken  before  the  sample 
had  been  submitted  to  greater  magnetising  forces  ;  a  curve  of  residual  magnetisation, 
that  is,  a  curve  in  which  the  ordinate  is  the  residual  induction  left  after  application 
and  removal  of  the  magnetising  force  represented  by  the  abscissa,  and  two  descending 
curves. 

Fig.  4  gives  the  curves  from  wrought  iron  No.  I. 

Fig.  5  the  same  to  an  amplified  scale  of  abscissae. 

Fig.  6  for  steel  with  '32  per  cent,  carbon,  annealed  No.  YI. 

Fig.  7  for  steel  with  '32  per  cent,  carbon,  oil  hardened  No.  VII. 

Fig.  8  for  steel  with  '89  per  cent,  carbon,  annealed  No.  VIII. 

Fig.  9  for  steel  with  '89  per  cent,  carbon,  oil  hardened  No.  IX. 

Fig.  10  for  cast  iron  No.  III. 

The  descending  curves,  which  express  the  passage  from  extreme  magnetisation  in 
one  direction  to  extreme  magnetisation  in  the  opposite  direction,  may  be  roughly 
defined  by  the  maximum  ordinate  to  which  they  rise,  and  by  the  points  AB  in  which 
they  cut  the  coordinate  axes.  The  ordinate  OB  is  what  is  generally  meant  by  the 
residual  induction  after  great  magnetising  force,  or  the  “  retentiveness. ”  The  word 
“  Coercive  Force  ”  has  been  long  used,  but,  so  far  as  I  know,  in  a  rather  vague  way 
and  without  accurate  definition. 

I  propose  to  call  OA  the  “  Coercive  Force  ”  of  the  material,  and  define  it  as  that 
reversed  magnetic  force  which  just  suffices  to  reduce  the  induction  to  nothing  after 
the  material  has  been  submitted  temporarily  to  a  very  great  magnetising  force.  It  is 
the  figure  which  is  of  greatest  importance  in  short  permanent  magnets.  The  manner 
in  which  the  dimensions  of  the  ascending'  curves  and  the  curves  of  residual  magnetisa- 
tion  vary  with  the  descending  curves  is  sufficiently  obvious  from  inspection.  The 
slowness  with  which  iron  or  steel  yields  to  small  magnetising  forces  is  evidently 
intimately  connected  with  the  coercive  force.  Another  force  is  worth  noting,  viz., 
that  demagnetising  force  which  not  merely  reduces  the  induction  to  zero  whilst 
applied,  but  just  suffices  to  destroy  the  residual  magnetism  so  that  when  removed  no 
permanent  magnetisation  remains.  The  area  enclosed  by  the  two  descending  curves 
divided  by  47r  represents  the  energy  dissipated  when  the  unit  volume  is  magnetised 
to  saturation,  its  magnetism  reversed,  and  again  reversed,  and  so  brought  to  its  first 
value.  This  area  differs  a  little  from  4  X  coercive  force  X  maximum  induction.  In 
the  cases  for  which  curves  are  given  the  results  are  as  follows  : — 
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Sample. 

Area  from  curve. 

4  coercive  force  x  max.  induction 

47 r 

4i r 

No.  I. 

17247 

13356 

„  HI. 

15139 

13037 

„  VI. 

45903 

40120 

„  VII. 

61898 

65786 

„  VIII. 

50521 

-  42366 

„  IX. 

74371 

99401 

In  this  we  note  that  for  soft  iron  the  area  is  greater  than  the  product,  the  reverse 
for  hard  steel ;  for  any  practical  purpose  we  may  assume  that  the  greatest  dissipation 
of  energy  which  can  be  caused  by  a  complete  reversal  to  and  fro  of  magnetisation  is 

,  ,  ,  .  coercive  force  x  maximum  induction  .  .  ,  .  „ 

approximately  measured  by  - - - .  An  interesting  feature 

in  the  curves  is  the  manner  in  which  the  residual  magnetism  rapidly  attains  to  near 
its  maximum  value,  and  is  then  nearly  constant,  whilst  the  induction  continues  to 
increase.  This  is  very  marked  in  the  case  of  cast  iron. 

The  column  of  figures  in  the  general  table  of  results  almost  explain  themselves. 

In  the  case  of  the  cast  iron,  the  total  and  the  graphitic  carbon  are  given,  the 
difference  being1  the  combined  carbon.  In  the  case  of  the  manganese  steel  and  iron, 
the  induction  is  almost  proportional  to  the  magnetising  force,  hence  permeability  is 
really  the  magnetic  property  to  be  noted  :  this  is  given  below  in  a  separate  table. 
The  demagnetising  force  is  that  reverse  force  which,  when  applied  after  great  magnet¬ 
ising  force,  just  suffices  to  remove  all  permanent  magnetisation.  The  energy  dissi- 

,  ,  .  OA  x  maximum  induction  ,  .  ,  ,  .  , 

pated  is  - ,  and  is  approximately  tne  energy  m  ergs,  converted 

into  heat  in  a  complete  cycle  of  magnetisation  from  the  limit  in  one  direction  to  that 
in  the  opposite  and  back  again. 

In  the  general  table  of  results  one  of  the  striking  features  is  the  high  specific 
resistance  of  some  samples  of  cast  iron,  ten  times  as  great  as  wrought  iron.  This 
fact  is  not  without  practical  importance  in  some  forms  of  dynamo  machines,  for  the 
energy  wasted  by  local  currents  induced  in  the  iron  by  given  variations  of  the 
magnetic  force  will  be  but  roth  as  great  with  cast  iron  as  with  wrought  iron.  The 
high  resistance  of  cast  iron  may  be  due  in  large  measure  to  its  heterogeneity  ;  grey 
cast  iron  may  be  regarded  as  a  mechanical  mixture  of  more  or  less  pure  iron  with 
very  small  bits  of  graphite. 

[Jan.  15,  1886. — I  have  recently  determined  the  rate  of  variation  with  temperature 
of  the  electric  resistance  of  a  sample  of  cast  iron  for  the  purpose  of  ascertaining 
whether  it  approximated  more  nearly  to  a  pure  metal,  to  an  alloy,  or  to  bodies  the 
resistance  of  which  decreases  with  rise  of  temperature.  The  sample  examined  was 
a  thin  rod  of  grey  iron  6'71  millims.  diameter  and  24'85  centims.  long  between  the 
contacts.  The  range  of  temperature  was  10°  C.  to  130°  C.,  and  through  this  range 
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the  rate  of  increase  of  resistance  was  nearly  uniform.  The  specific  resistance  at  0°  C. 
was  inferred  to  be  0'000102,  and  the  rate  of  increase  was  0-00083  per  degree 
centigrade. — J.  H.] 

Another  very  striking  feature  is  the  way  in  which  any  substantial  proportion  of 
manganese  annihilates  the  magnetic  property  of  iron;  the  sample  with  12  per 
cent,  of  manganese  is  practically  n on-magnetic.  The  induction  noted  in  the  table 
=  310  corresponds  to  a  magnetising  force  of  244.  If  all  the  substances  in  this 
sample  other  than  the  iron  were  mechanically  mixed  with  the  iron,  and  arranged  in 
such  wise  as  to  have  the  greatest  effect  upon  its  magnetic  property,  no  such  annihila¬ 
tion  of  magnetic  property  would  ensue.  This  question  of  mixture  will  be  considered 
somewhat  more  closely  below. 

The  permeability  and  susceptibility  are  given  in  the  following  table  for  some  of  the 
samples  containing  much  manganese  : — 


No. 

Permeability. 

Susceptibility. 

X. 

1-27 

•0215 

XIV. 

3-59 

•206 

XVI. 

3-57 

•2046 

XXXV. 

1-84 

•0668 

It  is  therefore  clear  that  the  small  quantity  of  manganese  present  enters  into  that 
which  must  be  regarded  for  magnetic  purposes  as  the  molecule  of  iron,  and  completely 
changes  its  properties.  The  fact  is  one  which  must  have  great  significance  in  any 
theory  as  to  what  is  the  molecular  nature  of  magnetisation.  Another  clearly  marked 
fact  is  the  exceptionally  great  effect  which  hardening  has  both  upon  the  magnetic 
properties  and  the  electrical  resistance  of  chrome  steel. 

Note  also  that  in  those  cases  where  the  maximum  induction  is  low,  the  residual 
magnetism  is  proportionately  lower  still,  but  that  the  coercive  force  is  not  uniformly 
lower.  This  is  in  accordance  with  the  supposition  that  these  samples  are  to  be 
regarded  as  mechanical  mixtures  of  a  strongly  magnetic  substance,  such  as  ordinary 
iron  or  steel,  and  a  non-magnetic  substance,  such  as  manganese  steel  with  12  per 
cent,  of  manganese.  A  feature  present  in  all  the  curves  may  some  day  have  a 
bearing  on  the  molecular  theory  of  magnetism.  It  is  this  :  the  ascending  curve  twice 
crosses  the  continuation  of  the  descending  curve ;  in  other  words,  the  fact  that  a 
sample  has  been  strongly  magnetised  in  a  reverse  direction,  renders  it  for  small  forces, 
or  for  large  forces,  more  difficult  to  magnetise  than  a  virgin  sample,  but  distinctly 
easier  for  intermediate  forces.  This  is  best  seen  in  the  case  of  the  hardest  steel, 
No.  IX.,  fig.  9,  in  which  the  two  curves  cut  in  the  points  marked  M,  N.  A  similar 
phenomenon  has  been  observed  and  investigated  by  G.  Wiedemann  ( vide  ‘Die  Lehre 
vom  Ga.lvanisrnus,’  first  edition,  vol.  ii. ,  p.  340,  et  seq.). 
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*  The  maximum  magnetisation  is  obtained  from  the  maximum  induction  by  subtracting  240  (the  magnetising  force  used)  and  dividing  by  47r,  or  in  most  cases  sufficiently 
nearly  by  multiplying  by  0'08.  The  residual  magnetism  is  obtained  by  dividing  the  residual  induction  by  4 ir.  The  numbers  in  the  table  are  the  actual  magnetic  forces  in 
the  infinitesimal  gap  between  the  two  bars. 
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Magnetisation  of  a  mixture  of  magnetic  and  non-magnetic  substance. 

We  suppose  that  the  mixture  is  purely  mechanical,  and  that  the  two  substances 
each  retain  their  magnetic  properties. 

We  may  regard  as  an  element  of  the  substances  a  portion  great  in  comparison  with 
the  size  of  the  pieces  of  the  two  substances  constituting  the  mixture,  or  we  may  be 
more  analytical  and  regard  as  an  element  a  portion  very  small  in  comparison  with 
such  pieces. 

Let  the  volume  of  magnetic  substance  be  X,  of  non-magnetic  1  — X.  The  magnetic 
properties  of  the  mixture  will  depend,  not  only  upon  X,  but  upon  the  relative 
arrangement  of  the  magnetic  and  non-magnetic  parts. 

Let  a,  a,  A  be  the  magnetic  force,  induction  and  magnetisation,  regarding  the  sizes 
of  the  parts  of  the  two  substances  as  infinitely  small  ;  let  a0,  a0,  A0  be  their  values 
within  a  portion  of  magnetic  substance,  a,  a,  A  are  what  we  could  actually  observe. 
The  relations  of  a0,  «0,  A,  may  be  known  from  experiments  on  the  magnetic  substance 
when  unmixed. 

1.  Suppose  the  magnetic  substance  to  be  arranged  in  the  mixture  in  the  form  of 
filaments  or  laminae  parallel  to  the  lines  of  magnetic  force,  then  a  =  a0,  and  A=XA0. 
Hence  the  effect  of  admixture  in  this  case  is  to  reduce  the  magnetisation  for  a  given 
force  in  the  ratio  1  :  X. 

2.  Let  the  non-magnetic  substance  be  in  thin  laminae  lying  perpendicular  to  the 
lines  of  force  ;  we  shall  then  have  again  A  =  XAU;  but  a=a0  instead  of  a  =  a0,  whence 

a=a — 47tA 
= a0  —  4-7rX  A0 
—  (1— X)«0fi-Xa0 

a0  being  supposed  known  in  terms  of  a0,  this  gives  us  the  means  of  calculating  the 
properties  of  the  mixture. 

These  two  are  the  extreme  cases ;  all  other  arrangements  of  the  two  substances  will 
have  intermediate  effects  approximating  to  the  one  extreme  or  the  other  in  a  manner 
which  we  can  judge  in  a  rough  way. 

For  example,  if  the  magnetic  substance  be  in  separate  portions  bedded  in  the 
non-magnetic  substance,  the  result  will  be  somewhat  analogous  to  the  case  of  plates 
perpendicular  to  the  lines  of  force ;  if  on  the  other  hand  the  non-magnetic  substance 
be  in  separate  portions  bedded  in  the  magnetic,  the  result  will  approximate  rather  to 
the  case  of  filaments  parallel  to  the  lines  of  force. 

Suppose  that  in  the  case  of  Ha.dfield’s  steel,  No.  X.,  the  mixture  be  of 
pure  iron  in  very  small  quantity  in  a  non-magnetic  matrix,  how  much  pure  iron 
is  it  necessary  to  suppose  to  be  present,  supposing  the  arrangement  to  be 
as  unfavourable  as  possible?  Here  a=a0=310,  a  =  244,  a0= sensibly  zero,  wdience 
X=3-/p=0'21.  Suppose,  however,  that  the  iron  were  arranged  as  small  spheres 
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bedded  in  the  non-magnetic  substance,  we  have  \=—  ,  g  being  the  observed 

-1  "t  t1 

value  of  a,  viz.,  1'27  ;  whence  X=0’09.  We  may  say  that  of  the  86  per  cent,  iron  in 


this  sample  not  more  than  9  per  cent,  is  magnetic. 

If  hard  steel  were  bedded  as  small  particles  in  a  non-magnetic  matrix,  we  should 
expect  the  mixture  to  have  low  retentiveness,  but  comparatively  high  coercive  force, 
such  as  we  see  in  the  case  of  samples  XI.,  XIII.,  and  XV.  If  our  apparatus  had 
been  sufficiently  delicate  to  detect  residual  magnetism  in  samples  X.,  XIV.,  and  XVI., 
it  is  probable  enough  that  we  should  have  found  the  coercive  force  to  be  considerable. 

In  the  case  of  mixtures  much  will  depend  on  the  relative  fusibility  of  the  magnetic 
and  non-magnetic  substances.  If  the  former  were  less  fusible,  it  would  probably 
occur  as  crystals  separated  from  each  other  by  a  non-magnetic  matrix ;  if  on  the  other 
hand  it  were  more  fusible,  it  would  remain  continuous.  It  is  easy  to  see  the  kind  of 
difference  in  magnetic  property  which  would  result. 


Determination  of  permanent  magnetisation  of  an  ellipsoid. 


If  an  ellipsoid  be  placed  in  a  uniform  magnetic  field,  its  magnetisation  will  be 
uniform. 

If  the  externally  applied  magnetising  force  be  zero,  the  force  at  any  point  within 
the  ellipsoid  will  be  AL,  BM,  CN,  where  A,  B,  C  are  the  components  of  magnetisation 

of  the  ellipsoid,  and  L=  ivabc—^,  &c.,  where  </>0=  f  0  .  9 — rr,  and 

1  cla~  ru  i  o  v  +  <pp(o 2  +  +  </>-) 

a,  b,  c  are  the  semi-axes  of  the  ellipsoid.  Suppose  the  forces  have  all  been  parallel 

L33 

to  the  axis  a,  we  have  then  =  ^  very  nearly. 

Let  the  curve  PQ  be  the  descending  curve  of  magnetisation  (the  ordinates  being 


induction),  draw  OR  so  that  Jy^  =  yy ;  then  RN  is  clearly  the  induction  in  the  ellipsoid 

when  the  external  force  is  removed.  In  the  case  of  a  sphere  L= — therefore 
RN=  —  30N.  The  greatest  residual  induction  which  a  sphere  of  the  materials  can 
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retain  is  a  very  little  less  than  three  times  the  force  required  to  reduce  the  magnetisa¬ 
tion  to  zero. 

In  a  similar  way  any  spheroid  could  he  readily  dealt  with,  and  the  best  material 
judged  for  a  permanent  magnet  of  given  proportions.  It  should,  however,  be  noted 
that  any  conclusions  thus  deduced  might  be  practically  vitiated  by  the  effect  of 
mechanical  vibration  in  shaking  out  the  magnetism  from  the  magnet. 


Dissipation  of  energy  by  residual  magnetism. 

Imagine  a  conducting  circuit  of  resistance  R,  let  x  be  the  current  in  it  at  time  t, 
E  the  electromotive  force  other  than  that  due  to  the  electro-magnetic  field,  and  a  the 
total  magnetic  induction  through  the  circuit,  then 

Bx=E-~. 

clt 


The  work  done  in  time  dt  by  the  electromotive  force  is  xKdt=(Rx~  -{-x-f)dt ;  of  this 

R x°dt  goes  to  heat  the  wire,  the  remainder,  or  xda,  goes  into  the  electro -magnetic 
field.  Imagine  a  surface  of  which  the  conducting  circuit  is  a  boundary,  and  on  it  take 
an  elementary  area;  through  this  area  draw  a  tube  of  induction  returning  into  itself; 
the  line  integral  of  force  along  the  closed  tube  is  ivx.  If  therefore  we  assume  that 
the  work  done  in  any  elementary  volume  of  the  field  is  equal  to  that  volume  multi¬ 
plied  by  the  scalar  of  the  product  of  the  change  of  induction,  and  the  magnetising 
force  divided  by  47t,  the  assumption  will  be  consistent  with  the  work  we  know  is  done 
by  the  electromotive  force  E.  Now  apply  this  to  any  curve  connecting  induction  and 
magnetic  force.  Let  PQ  be  two  points  in  the  curve,  draw  PM  and  QN  parallel  to  the 


axis  of  magnetic  force  OX  ;  the  work  done  on  the  field  per  cubic  centimeter  passing 

from  P  to  Q  is  equal  to  area  LMN gome  0f  this  is  converted  into  heat  in  the  case 

47 r 

of  iron,  for  we  cannot  pass  back  from  Q  to  P  by  diminishing  the  magnetising  force. 
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Let  AKB  be  the  curve  connecting  A  and  B  when  the  magnetising  force  is  reversed, 
NLA  when  it  is  again  reversed  in  this  cycle  ;  the  final  magnetisation  is  the  same  as  it 


was  initially;  hence  the  balance  of  work  done  upon  the  field  must  be  converted  into 
heat;  this  heat  will  be  represented  by  the  area  AKBLA-p47t  in  ergs,  per  cubic 
centimeter. 

An  approximation  to  the  values  of  this  dissipation  is  given  in  the  table  of  results. 
It  may  be  worth  while  to  call  attention  to  their  practical  application.  Take  the  case 
of  a  dynamo- machine  with  an  iron  core,  finely  divided  to  avoid  local  electric  currents. 
Note  that  we  are  going  to  assume — though  whether  true  or  false  we  do  not  know — - 
that  the  dissipation  is  the  same  whether  the  magnetisation  is  reversed  by  diminishing 
and  increasing  the  intensity  of  magnetisation  without  altering  its  direction,  or  whether 
it  is  reversed  by  turning  round  its  direction  without  reducing  its  amount  to  zero. 

A  particular  machine  has  in  its  core  about  9000  cubic  centims.  of  soft  iron  plates  ; 
the  resistance  of  its  armature  is  0‘01  ohm,  of  its  shunt  magnets  8’0  ohms,  and  when 
running  900  revolutions  per  minute,  its  E.M.F.  at  the  brushes  is  55  volts.  When 
the  current  in  the  armature  is  250  amperes  we  have 


Total  energy  of  current . 

Loss  in  armature  resistance  .... 
Loss  in  magnet  resistance . 

Loss  in  magnetising  and  demagnetising 
iron  core  of  armature 


Ergs,  per  second. 

.  =  144  X  109. 

.  =  625  X  107. 

.  =  378  X  107. 

9000  cubic  centims.  X 
=  *%  per  second  X  13,356 
results)  =  18  X  108. 


1 5  revolutions 
(from  table  of 


From  this  we  see  at  once  that  the  heat  generated  in  the  core  of  the  armature  by 
reversal  of  magnetisation  is  about  one-half  of  that  arising  from  the  resistance  of  the 
copper  wire  of  the  electro-magnet.  If  a  hard  steel  were  used  the  loss  from  reversal 
might  amount  to  20  per  cent,  or  more  of  the  useful  work  done. 
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Weber’s  Theory  of  Magnetism. 

In  Weber’s  theory  it  is,  in  effect,  assumed  that  the  magnetic  force  tending  to 
deflect  a  molecule  is  that  which  it  would  experience  if  it  were  placed  in  a  long- 
cylindrical  cavity,  the  axis  of  the  cylinder  being  in  the  direction  of  magnetisation. 
This  seems  a  rather  unnatural  supposition.  If  instead  of  this  we  assume  that  the 
deflecting  force  is  that  which  it  would  experience  in  a  spherical  cavity,  and  draw  a 
curve  connecting  either  the  induction  or  magnetisation  with  the  deflecting  force  on  a 
molecule  within  a  spherical  cavity,  we  shall  find  that  the  curve  differs  very  little  from 
a  straight  line.  In  the  curves  already  given  we  have  taken  $3  and  <§  as  the  variables, 
where 

33  =  £  +  47t3- 

Suppose  we  take  03  and  A  where 

33  =  £  +  4tt3. 

and 

Jt=$+f3. 

The  curves  would  then  be  hardly  distinguishable  from  straight  lines,  the  same 
scales  being  used  for  ordinates  and  abscissa;  ;  it  requires  no  great  stretch  of 
imagination  to  suppose  that  if  this  curve  were  continued  far  enough  it  would  differ 
but  little  from  that  given  by  Maxwell,  vol.  ii. ,  p.  79. 

Now,  in  dealing  with  Weber’s  theory  it  would  seem  more  suitable  to  take  $, 
the  magnetic  force  in  a  spherical  cavity,  as  the  independent  variable.  If  we  assume 
Weber’s  theory  with  this  modification  we  arrive  at  the  following  conclusions  : — 

1.  All  observations  yet  made  upon  the  magnetisation  of  iron  are  upon  the  straight 
part  of  Weber’s  curve. 

2.  The  particular  features  of  curves  of  magnetisation  as  ordinarily  observed  arise 
from  a  slight  irregularity  in  Weber’s  curve,  magnified  by  the  near  approach  of  iron 
to  a  state  in  which  a  random  distribution  of  the  magnetic  axes  of  the  molecules  is 
unstable. 

I  do  not  put  these  remarks  forward  as  indicating  more  than  the  fact  that  we  are  a 
very  long  way  from  obtaining  a  range  of  facts  sufficiently  extended  for  testing  a 
molecular  theory  of  magnetism.  The  broad  fact  which  strikes  the  mind  most  forcibly 
is  the  specific  difference  which  exists  between  magnetic  and  non-magnetic  bodies. 
Most  bodies  are  either  very  slightly  ferro-magnetic  or  very  slightly  diamagnetic.  On 
the  other  hand  iron,  nickel,  and  cobalt  are  enormously  magnetic. 

Iron  with  12  per  cent,  of  manganese,  and  some  small  quantities  of  carbon  and 
other  substances,  is  so  little  magnetic  that  its  magnetism  would  be  accounted  for  by 
supposing  that  in  its  mass  were  distributed  a  few  little  bits  of  pure  iron.  There 
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seems  to  be  a  certain  instability  of  something  we  know  not  what ;  bodies  fall  on  one 
side  practically  non-magnetic,  on  the  other  enormously  magnetic,  but  hardly  any 
intermediate  class  exists. 

The  number  of  actual  observations  made  on  each  of  the  samples  named  has  been 
very  considerable,  though  I  have  not  thought  it  necessary  to  set  them  out  at  length, 
as  I  base  no  general  conclusion  upon  them.  The  bulk  of  these  observations  were 
made  by  my  assistant,  Mr.  E.  Talbot,  and  my  pupil,  Mr.  Paul  Dimier,  to  whom  ray 
thanks  are  due  for  their  patience  and  care. 
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Introduction. 

Many  of  the  poisonous  alkaloids  give  no  distinctive  chemical  reactions  by  which  they 
can  be  identified,  and  in  certain  cases  the  means  of  recognising  them  are  restricted  to 
observations  on  their  crystalline  form  and  physiological  action.  Some  of  the  alkaloids 
have  never  been  crystallised,  and  even  such  as  are  usually  obtained  in  crystals  are  not 
always  recognisable,  because  their  shape  is  not  invariably  a  well-marked  or  characteristic 
feature ;  moreover  the  form  and  grouping  of  crystals  is  occasionally  modified  by  such 
reactions  or  treatment  as  may  be  necessary  in  the  extraction  of  an  organic  base. 
Small  admixtures  of  foreign  substances  also  modify  crystalline  character,  and  not 
infrequently  cause  a  crystalline  substance  to  become  amorphous.  No  absolute  reliance 

*  This  communication  was  presented  to  the  Society  in  two  parts.  The  information  concerning 
aconitine,  pseudaconitine,  japaconitine,  morphine,  narcotine,  codeine,  theba'ine,  papaverine,  oxynarcotine, 
apomorphine  hydrochloride,  cotarnine  hydrobromide,  tet.racetyl  morphine,  diacetyl  codeine,  quinine, 
quinine  sulphate,  cinchonine  sulphate,  quinidine  sulphate,  cinchonidine  sulphate,  veratrine,  piperine, 
brucine,  strychnine,  narceine,  aconitine  (foreign),  cevadine,  atropine,  solanine,  hyoscyamine,  digitaline, 
picrotoxine,  nicotine,  and  caffeine  formed  Part  I.  (Received  November  19,  1884.  Abstract  published  in 
Proc.  Roy.  Soc.,  vol.  xxviii.,  p.  1.)  That  concerning  pyridine,  piperidine,  quinoline,  tetrahydroquinoline, 
quinoline  hydrochloride,  and  the  specimens  of  aconitine  received  from  Dr.  Stevenson  formed  Part  II. 
(Received  March  5,  1885.  Abstract  published  in  Proc.  Roy.  Soc.,  vol.  xxviii.,  p.  191.) 
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can  be  placed  upon  the  mere  appearance  of  crystals ;  they  must  be  submitted  to 
recrystallisation  by  sublimation  or  some  other  process.  The  physiological  action  of 
certain  alkaloids  of  an  extremely  deadly  character  is  remarkable  enough  to  prove  a 
means  of  identifying  the  substance  when  the  effect  on  the  human  subject  is  under 
observation  ;  but  it  is  to  some  extent  capable  of  being  modified  by  the  extent  of  the 
dose,  the  administration  of  other  drugs,  or  the  idiosyncracy  of  the  patient.  These 
facts  are  well  known,  and  are  generally  made  use  of  by  the  counsel  for  the  defence  in 
medico -legal  cases.  When  the  identification  of  an  alkaloid  is  a  necessary  part  of  the 
evidence  of  the  administration  of  poison,  experiments  of  a  physiological  character  have 
necessarily  to  be  made  on  the  lower  animals.  It  has  been  objected  that  the  action  of 
drugs  on  creatures  of  a  smaller  size  and  different  organisation  may  be,  and,  in  certain 
cases,  indeed  is,  unlike  that  produced  in  the  human  organism,  and  comparative  experi¬ 
ments  are  necessary  in  which  the  suspected  substance  is  compared  with  authentic 
specimens  before  its  identity  can  be  established.  But  in  such  comparative  experi¬ 
ments  an  element  of  uncertainty  is  introduced,  because  various  preparations  supposed 
to  be  the  same  alkaloid  may  differ  in  physiological  action  to  such  an  extent  that 
reasonable  doubts  may  be  entertained  as  to  whether  they  consist  of  the  same  substance 
or,  indeed,  of  one  substance  only.  The  whole  subject  of  the  modification  of  alkaloids 
by  the  reagents  used  in  their  extraction,  variations  in  their  crystalline  character  and 
in  their  physiological  action,  can  be  well  illustrated  by  reference,  to  the.  researches  of 
Dr.  C.  R.  A.  Wright  on  the  various  preparations  known  as  aconitine.- 

The  evidence  given  at  the  trial  of  George  Henry  Lamson,  a  surgeon,  at  the 
Central  Criminal  Court  in  1882,  for  poisoning  with  aconitine,  conferred  greatly 
increased  importance  upon  any  method  of  absolute  physical  measurement  which  might 
be  substituted  for  the  ordinary  tests  in  the  identification  of  the  dangerous  alkaloids. 
Almost  all  active  alkaloids  have  a  complex  chemical  constitution,  and  every  complex 
molecule  in  which  carbon  is  in  a  certain  state  of  condensation  has  a  definite  absorption 
spectrum  in  the  ultra-violet  if  not  in  the  visible  region.  In  most  cases  the  absorption 
curve  is  peculiar  and  often  strikingly  characteristic,  and  only  minute  quantities  of 
material  are  actually  required  for  obtaining  measurements  of  spectra  from  which  such 
curves  may  be  plotted.  The  interest  that  attaches  to  an  examination  of  the  absorption 
spectra  of  the  alkaloids  is  not  alone  the  fact  that  a  means  of  recognising,  detecting, 
and  estimating,  such  substances  may  be  devised,  but  still  more  that  we  may  learn 
something  of  their  chemical  constitution. 

The  experimental  details. 

The  method  of  examination  employed  was  that  described  in  the  Phil.  Trans., 
Yol.  170,  p.  257,  1879,  but  the  spectroscope  was  the  short  focussed  instrument 
employed  for  photographing  the  spectra  published  in  the  ‘Journal  of  the  Chemical 
Society,’  vol.  xli.,  p.  84. 
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Several  modifications  were  introduced  with  the  object  of  gaining  accuracy  and 
reducing  the  amount  of  labour  entailed  by  a  large  series  of  observations. 

1st.  The  solutions  were  as  far  as  possible  made  up  to  the  same  strength,  and  cells 
of  definite  thickness  were  employed  in  series  as  5  millims.,  4  millims.,  3  millims., 
2  millims.,  and  1  millim.  This  obviated  the  necessity  for  repeatedly  diluting  the 
solutions,  and  so  greatly  facilitated  the  work ;  while  it  diminished  the  possibility  of 
errors,  especially  in  the  descriptions  of  the  spectra. 

2nd.  The  measurements  were  all  reduced  to  wave-lengths,  and  the  absorption 
curves  were  plotted  accordingly.  As  the  curves  have  been  made  continuous  the 
necessity  for  shading  has  been  avoided. 

3rd.  While  the  absorption  curves  serve  for  the  comparison  of  one  alkaloid  with 
another,  as  a  ready  means  of  distinguishing  them  and  of  estimating  the  quantity 
present  in  a  solution,  a  very  careful  description  of  the  spectra  from  which  the  curves 
were  drawn  has  been  furnished,  so  that  no  essential  details  have  been  omitted  such 
as  were  found  to  be  imperfectly  represented  by  the  drawings. 

4th.  The  rays  intended  to  give  a  suitable  spectrum  were  obtained  from  metallic 
points,  which,  for  the  purpose,  are  superior  to  all  others.  In  previous  researches, 
electrodes  of  cadmium  or  of  nickel  alloyed  with  a  small  quantity  of  copper,  in  certain 
cases  metallic  indium  and  iron  have  been  used.  None  of  these  are  quite  satisfactory. 
The  cadmium  and  indium  lines  are  not  sufficiently  close  together  or  numerous,  the 
wave-lengths  of  the  iron  and  nickel  lines  had  not  been  determined  when  these  experi¬ 
ments  were  in  progress ;  moreover,  they  were  deemed  unsuitable  because  there  is  too 
great  a  difference  between  the  intensity  of  the  lines  in  different  parts  of  the  spectrum, 
so  that  deceptive  results  are  obtained  when  feeble  absorptions  occur. 

The  electrodes  I  prefer  to  all  others  are  cadmium,  tin,  and  lead ;  the  lines  of  tin  and 
lead  are  numerous  and  well  distributed  throughout  the  whole  spectrum  ;  they  are 
distinctive  in  character,  and  therefore  easily  recognisable,  which  is  not  the  case  with 
the  iron  and  nickel  lines.  The  cadmium  lines  preponderate  in  intensity,  but  the 
emissive  power  of  the  cadmium  is  purposely  reduced  by  diminishing  the  quantity  of 
that  metal  in  the  spark. 

Thus  I  take  for  one  electrode  an  alloy  of  tin  with  25  per  cent,  of  cadmium,  for  the 
other  an  alloy  of  lead  with  the  same  proportion  of  cadmium.  When  the  two  are  used 
as  opposite  electrodes  a  spark  spectrum  is  obtained  every  line  in  which  can  be  easily 
recognised ;  the  tin  lines  are  on  one  side,  and  stretch  half-way  across  ;  the  lead  are  on 
the  other  side  ;  while  the  cadmium  contained  in  both  electrodes  causes  the  lines  of  that 
metal  to  stretch  across  from  point  to  point.  A  somewhat  longer  exposure  than  usual 
fills  the  intervals  between  the  lines  with  a  weaker  continuous  spectrum.  The  period 
was  three  minutes.  The  extent  of  the  continuous  rays  is  always  noted  in  the  de¬ 
scriptions  of  the  absorption  spectra.  To  secure  well-defined  spectra  the  photographs 
were  taken  with  the  solutions  placed  in  front  of  the  slit,  and  the  rays  were  con¬ 
centrated  by  a  condensing  lens  of  two  inches  diameter  and  three  inches  focal  length. 
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Method  of  determining  the  wave-lengths. 

It  was  usual  to  take  a  series  of  five  or  six  photographs  of  each  solution  on  one  plate, 
and  thus  the  spectra  represent  the  rays  transmitted  by  1, 2,  3,  4,  5,  or  more  millimetres 
of  the  absorbent  liquid.  The  wave-lengths  referred  to  are  derived  from  those  given 
in  the  Phil.  Trans.,  Yol.  175,  p.  63,  1884,  for  cadmium,  tin,  and  lead  The  scale 
numbers  in  hundredths  of  an  inch  are  arbitrary,  and  quite  different  from  those  given 
beside  the  wave-lengths  in  the  paper  quoted ;  they  were  actually  read  off  from  photo¬ 
graphs  of  the  electrodes  by  means  of  an  ivory  scale,  the  end  of  which  coincided  with 
the  end  of  the  glass  plate.  The  scale  originally  used  was  a  photograph  of  the  spectrum 
of  the  electrodes  with  divisions  etched  on  the  glass,  the  gelatine  film  being  scraped  off 
just  below  the  lines  to  admit  of  the  glass  being  etched.  The  divisions  were  hundredths 
of  an  inch,  and  every  fifth  line  was  distinguished  by  the  corresponding  wave-length 
being  written  on  the  back  of  the  plate  opposite  to  the  longer  line.  The  figures, 
however,  are  too  small,  and,  otherwise,  from  the  transparency  of  the  glass  difficult  to 
read  when  applied  to  the  face  of  another  photograph.  It  was  found  more  satisfactory 
to  apply  an  ivory  scale  with  a  bevelled  edge,  divided  as  aforesaid,  so  that-  the  scale 
numbers  arbitrarily  fixed  first  for  the  cadmium  lines  are  read  off  on  all  the  other  lines. 
The  scale  is  held  in  position  by  a  pair  of  wooden  spring  clips.  Supposing  an  absorp¬ 
tion  hand  occurs  near  the  line  120  (X=3245\5),  then  120  on  the  scale  is  brought  over 
this  line  on  the  photograph ;  if  it  be  seen  to  extend  to  240  or  thereabouts  (X=2593), 
the  reading  on  the  scale  is  brought  up  to  this  line,  and  a  more  exact  measurement  is 
made.  If  the  adjustment  is  not  further  from  the  correct  number  than  xcToth  °f  an  nick, 
it  is  sometimes  not  worth  while  to  alter  it  ;  but  whenever  it  is  necessary  to  make  ac¬ 
curate  measurements,  the  scale  is  capable  of  easy  and  perfect  adjustment  to  any  part  of 
the  spectrum.  For  the  purpose  of  converting  the  scale  measurements  into  wave-lengths 
and  their  reciprocals,  two  curves  have  been  drawn  on  one  sheet  of  paper.  The  scale 
numbers,  wave-lengths,  and  oscillation  frequencies  of  the  fiducial  lines  employed  for 
the  interpolation  curves  are  stated  on  p.  475.  Fractions  of  a  tenth-metre  have  been 
omitted  as  being  unnecessary  in  dealing  with  absorption  spectra. 

On  the  diagrams  the  scale  of  wave-lengths  is  reduced  to  millionths  of  a  millimetre. 
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Lines  of  cadmium,  tin,  and  lead  used  for  the  interpolation  curve. 
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In  this  research  the  wave-length  numbers  have  alone  been  quoted.  The  mode  of 
proceeding  after  a  series  of  photographs  had  been  taken  was,  after  measuring,  to 
record  and  reduce  the  measurements  to  wave-lengths.  The  numbers  obtained  were 
then  laid  down  on  suitably  ruled  paper  for  the  absorption  curve  to  be  plotted.  It 
was  then  generally  found  necessary  to  execute  a  further  series  of  photographs,  and 
sometimes  two  or  three  series  of  the  absorptions  caused  by  more  dilute  or  stronger 
solutions,  in  order  to  obtain  the  maximum  and  minimum  effect  of  the  absorbent 
suostance  as  well  as  the  coefficients  of  absorption  for  all  intermediate  wave-lengths. 
The  curves  drawn  are  continuous,  so  that  the  necessity  for  shading  is  obviated  ;  the 
Unshaded  diagrams  are  not  such  true  representations  of  the  photographs,  but  these  less 
exact  diagrams  are  supplemented  by  very  careful  and  accurate  descriptions.  Authentic 
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specimens  of  alkaloids  and  other  substances  in  a  state  of  great  purity  were  for  the 
most  part  obtained  from  the  chemists  by  whom  they  were  prepared,  namely,  Messrs. 
T.  and  H.  Smith  and  Son,  of  Edinburgh,  Dr.  C.  R.  A.  Wright,  and  Mr.  David 
Howard.  I  am  particularly  indebted  to  Dr.  Stevenson  and  Dr.  C.  R.  A.  Wright 
for  several  aconitine  specimens,  also  to  Mr.  David  Howard  for  the  cinchona  alkaloids. 

The  substances  examined  were  the  following  : — 

Alkaloids  of  the  A  conites. 


Aconitine  from  A.  Napellus . C33II49N 0 12 

Pseudaconitine  from  A.  Ferox  .  . c36h43eo13 


Japaconitine  from  a  species  of  Japanese  aconite  .  .  C66H88N3021 

Aconitine  from  a  foreign  source  ;  probably  picraconitine. 

Alkaloids  of  the  Cinchonas. 

Cinchonine . C20H24HaO 

Cinchonidine  sulphate . (C20H24N2O)2.H2SO4.2Aq 

Quinine . C20H24N2O2 

Quinine  sulphate . (C20H24N2O2)2.H2SO4.2Aq 

Quinidine  sulphate . (C20H24N2O2)2.H2SO4.2Aq 


Morphine  . 
Codeine 
Narcotine  . 
N  arceine  . 
Papaverine 
Thebaine  . 


Alkaloids  of  the  Papaveracese. 

. C'34p[38N306 

. c36h42n2o6 

. c23h23no7 

. c23h29no9 

. C21H21N04 

. C19H21N03 

Derivatives  of  the  Opium  bases. 


Tetracetyl-morphine . C34H34(C2H30)4N20G 

Diacetyl-codeine . C36H40(C2H3O)2N2O0 

Oxynarcotine . C22H23N  08 

Cotarnine  hydrobromide . C12H13N03.HBr 

Apomorphine  hydrochloride . C17H17N02.HC1 


Alkaloids  of  the  Solanacese. 
. c10H14N2 

. c42h87no15 

•  . . .  c17h23no3 


Nicotine 

Solanine 

Atropine 
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Alkaloids  of  Strychnos. 

Brucine . C23H26N204. 4H20 

Strychnine . C21H22N202 


Alkaloids  of  Yeratrinm. 


Veratrine . C37H53NOn  (Couerbe’s  Yeratrine) 

Cevadine . C32H40NO9  (Merck’s  Yeratrine) 

Various  other  Alkaloids. 

Digitaline . C54H45O30,  a  glucoside 

Hyoscyamine . C17H23N03 

Caffeine . C8H10N4O2.H2O 

Piperine . C17H19N03 


Picrotoxine  ;  composition  doubtful. 


Index. 


The  specimens  of  alkaloids  and  their  derivatives,  the  strength  of  the  solutions 
examined,  the  solvents  employed,  the  sources  whence  the  alkaloids  were  obtained,  or 
by  whom  they  were  prepared,  are  given  in  the  following  tabular  statement. 

Double  normal  sulphuric  acid  signifies  a  gramme  molecule  of  H3S04  in  a  litre  of 


liquid,  or 


h2so, 
1000  ■ 


Name. 

Proximate  strength 
of  solutions. 

Solvent. 

From  whom  obtained. 

Page. 

Aconitine,  Plate  53,  fig.  1  .  . 

1  1 

200)  1000  * 

Alcohol,  sp.  gr.  0'8 

Dr.  C.  R.  A.  Weight 

479 

Aconitine,  Plate  53  ... 

1 

2  0  0  . 

Proof  spirit  .  .  . 

Dr.  Stevenson 

479 

Aconitine,  Plate  53,  fig.  2  . 

1  1 

2  0  0?  1  0  0  0  * 

Alcohol,  sp.  gr.  0-8 

T.  and  H.  Smith  and  Co. 

480 

Aconitine  (foreign),  Plate  53. 

1 

2  0  0  . 

”  99 

99  ’5 

481 

Japaconitine,  Plate  53,  fig.  3  . 

1  1 

2  005  1  000  * 

”  ” 

Dr.  C.  R.  A.  Weight 

481 

Pseudaconitine  (4), PI.  53,  fig.4 

1  1 

2  0  0  5  1  0  0  0  * 

99  ’  9 

9  9  99 

482 

Aconitine . 

111 

20  0’  100  0’  5000  * 

9  9  9  9 

Dr.  Stevenson 

483 

|  Morson’s  aconitine  (5), 

Plate  53,  fig.  5 

111 

2  00’  1  000’  5  000  * 

9  9  9  9 

99 

484 

Aconitine  (6),  Plate  53,  fig.  6 

111 

20  0’  100  0’  5000  * 

9  9  9  9 

99 

485 

Aconitine  . 

1  1 

2  0  0’  1  0  0  0  ’ 

”  ” 

,, 

486 

Quinine,  Plate  53,  fig.  7  .  . 

1 

10  0  0 

99  99 

Mr.  David  Howard 

487 

Quinine  sulphate,  Plate  54  . 

Cinchonine,  Plate  54  .  .  . 

12  5  0 

1 

12  5  0 

Alcohol,  sp.  gr.  0'8, 
with  £  volume  of 

9  9  *.9 

9  9  99 

487 

488 

Quinidine  sulphate,  Plate  54  . 

i 

12  5  0 

r 

h2so4 

99  99 

488 

Cinchonidine  sulphate,  PI.  54 

i 

1250  *  *  ‘ 

1000 

99  ” 

489 

MDCCCLXXXV.  3  Q 
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Name. 

Proximate  strength, 
of  solutions. 

Solvent. 

From  whom  obtained. 

Page. 

Morphine,  Plate  54,  fig.  5  .  . 

1  1 

2  5  O’  1  0  0  0  * 

Alcohol, 

sp.  gr.  08 

T.  and  H.  Smith  and  Co. 

489 

Morphine,  Plate  54,  fig.  6  . 

1  1 

2  5  0  ’  1  0  0  0  * 

’  5 

55 

Macfarlan  and  Co. 

490 

Tetracetyl-morphine,  Plate  55 

1  1 

2  0  O’  1  0  0  0  * 

5  5 

55 

Dr.  C.  R.  A.  Weight 

491 

Codeine,  Plate  55,  fig.  2  .  . 

1  1 

2  0  O’  1  0  0  0  * 

55 

55 

5  5  55 

492 

Codeine,  Plate  55,  fig.  3  . 

1  1 

2  0  O’  1  0  0  0  * 

55 

55 

T.  and  H.  Smith  and  Co. 

492 

Diacetyl-code'ine,  PI.  55,  fig.  4 

1  1 

2  0  O’  1  0  0  0  * 

” 

55 

Dr.  C.  R.  A.  Wright 

493 

Thebaine,  Plate  55,  fig.  5  .  . 

111 

2  00’  2  5  O’  1  0  00’ 

1 

” 

55 

T.  and  H.  Smith  and  Co. 

494 

Papaverine . 

5  0  0  0 

111 

400’  2  000*  5  0  00  * 

” 

55 

5  5  55 

495 

Narcotine,  Plate  55,  fig.  6. 

111 

20  0’  1000’  5000  • 

55 

55 

55  5  5 

497 

Narceine . 

11  1 

250’  100  0’  10000 

” 

95 

5  5  5  5 

498 

Apomorphine  hydrochloride, 
Plate  56,  fig.  1 

111 

20  0’  100  0’  5000’ 

1 

2  5  0  0  0 

” 

55 

5  9  5  5 

501 

Cotarnine  hydrobromide  . 

11  1 

2  00’  1000’  10000 

55 

55 

Dr.  C.  R.  A.  Weight 

499 

Veratrine,  Plate  56,  fig.  4 . 

1  1 

2  0  0’1000* 

55 

55 

T.  and  H.  Smith  and  Co. 

505 

Cevadine . 

1 

2  00  *••*.* 

59 

55 

Dr.  C.  R.  A.  Weight 

506 

Brucine,  Plate  56,  fig.  5  . 

Ill 

25  0’  1000’  5000  * 

55 

55 

55  55 

506 

Strychnine,  Plate  56,  fig.  6  . 

111 

2  5  O’  5  0  0’  2  5  0  0’ 

1  1 

5000’  12500 

55 

55 

55  55 

507 

Piperine,  Plate  56,  fig.  3  . 

1  1 

2  0  0’  5  0  0  0 

55 

55 

T.  and  H.  Smith  and  Co. 

509 

Oxynarcotine,  Plate  56,  fig.  2 

111 
250’  1000’  5000 

1 

2  5  0  0  0 

Absolute  alcohol, 
with  f  vol.  glacial 
acetic  acid 

Dr.  C.  R.  A.  Weight 

502 

Nicotine . 

TB'o . 

Alcohol, 

sp.  gr.  0’8 

T.  and  H.  Smith  and  Co. 

513 

Solanine  . 

1 

2  5  0  . 

55 

5  5 

5  5  5  5 

511 

Atropine  . 

1 

2  0  0  . 

55 

55 

5  5  55 

510 

Hyoscyamine . 

1 

2  0  0  . 

55 

55 

55  55 

511 

Digitaline . 

1 

2  5  0  * 

55 

55 

5’  5’ 

512 

Picrotoxine  . 

1 

2  0  0  . 

55 

55 

5  5  5 ) 

512 

Caffeine . 

1 

4  0  0  . 

55 

55 

55  55 

513 

In  all  cases  where  the  strength  of  the  solutions  have  been  stated  as  200  or  ToVoj  ^ 
is  to  be  understood  as  one  part  by  weight  of  the  substance  dissolved  in  liquid  equal 
in  volume  to  200  times  the  weight  of  distilled  water;  thus  0’2  grm.  dissolved  in 
40  cub.  centims.  of  alcohol  is  represented  by  -^cmth  ;  or  0-l  grm.  dissolved  in  20  cub. 
centims.  of  alcohol,  to  which  5  cub.  centims.  of  acetic  acid  were  added  in  order  to 
prepare  a  perfectly  clear  solution,  is  indicated  by  -^q-.  In  thus  making  the  liquids  up 
to  proportionate  volumes  we  avoid  the  complication  of  having  to  weigh  the  solvents, 
while  in  every  case  the  cells  of  varying  thicknesses  represent  proportional  weights  of 
the  alkaloids. 
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The  measurements  and  descriptions  of  spectra. 


Aconitine.  From  Dr.  C.  K.  A.  Wright.  Plate  53,  fig.  1. 
(P2  grm.  in  40  cub.  centims.  of  alcohol  of  0*8  sp.  gr. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

millims. 

5 

Continuous  to . 

2860 

4 

Continuous  to . 

2860 

3 

Continuous  to . . 

2770 

Absorption  band . 

2799  to  2714 

Rays  transmitted . 

2614 

Spectrum  ends  at . 

2573 

2 

Continuous  to . 

2747 

Absorption  band . 

2747  to  2614 

Rays  transmitted  very  faintly  till  . 

2614 

Spectrum  ends  at . 

2573 

1 

Continuous . 

2747 

Very  weak . 

2746  to  2614 

Weak  to . 

2547 

This  solution,  which  had  been  prepared  with  dilute  alcohol  (proof  spirit),  was  kept 
two  years  to  ascertain  whether  it  would  undergo  any  change  likely  to  make  an 
alteration  in  its  spectrum.  About  20  cub.  centims.  were  contained  in  a  bottle 
holding  50  cub.  centims.,  it  was  freely  exposed  to  air  in  this  manner,  by  occasional 
removals  of  the  stopper,  in  order  to  subject  it  to  the  conditions  which  might  affect  an 
ordinary  pharmaceutical  preparation.  It  yielded  the  same  spectrum  before  and  after 
this  period  of  keeping.  In  order  to  test  whether  violent  chemical  treatment  might 
affect  the  spectrum,  it  was  boiled  with  concentrated  sulphuric  acid  for  fifteen  minutes, 
till  all  the  alcohol  was  expelled ;  it  was  then  diluted  with  a  known  volume  of  water 
and  again  examined,  but  it  was  found  quite  unaltered.  It  was  not  subjected  to 
treatment  with  alkalies,  though  it  is  known  that  it  may  be  thus  converted  into 
benzoic  acid  and  a  new  base.  If  the  treatment  with  sulphuric  acid  is  sufficiently 
prolonged  it  equally  effects  this  transformation,  and  there  is  less  liability  to  darken¬ 
ing  of  the  solution  by  the  formation  of  resinous  products  than  by  saponification  with 
alkaline  solutions.  The  liquid  should  then  show  the  absorption  band  characteristic  of 
benzoic  acid.  (See  Phil.  Trans.,  Vol.  170,  p.  257,  1879.) 

Aconitine.  From  Dr.  Stevenson. 

0’2  gr.  in  40  cub.  centims.  of  alcohol  of  0‘8  sp.  gr.,  or  approximately  1  in  200. 

Unfortunately,  no  exact  measurements  of  this  spectrum  can  be  given,  but  the 
diagram  which  was  made  at  the  time  when  that  of  the  previous  sample  of  aconitine  was 
drawn,  was  precisely  the  same,  hence  it  may  be  inferred  that  the  measurements  were 

3  Q  2 
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the  same.  Jt  is  as  well  to  mention  here  that  the  whole  of  this  work  was  executed  in 
1882,  some  of  it  even  at  an  earlier  date,  and  curves  were  plotted  according  to  the 
method  described  in  the  paper  in  the  Phil.  Trans.,  Yol.  170,  p.  257,  but  two  years 
subsequently  the  work  was  repeated,  after  the  modifications  in  the  method  of 
working  had  been  introduced. 


English  Aconitine.  From  Messrs.  T.  and  H.  Smith  and  Co.,  of  Edinburgh 

and  London.  Plate  53,  fig.  2. 

0’2  grm.  in  40  cub.  centims.  of  alcohol  of  (P8  sp.  gr. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

miliims. 

5 

Continuous,  strong . 

3171 

A 

■  Continuous,  strong . 

3171 

Faint . 

3138 

3 

Strong . 

3131 

Weak . 

3008 

2 

Continuous,  strong . 

3128 

W  eak . 

3008 

Absorption  band . 

3008  to  2747 

Rays  transmitted,  faint . 

.  . 

Spectrum  ends  at . 

2573 

1 

Continuous,  strong . 

2978 

Absorption  band . 

2978  to  2872 

Rays  transmitted,  weak,  to  ... 

2573 

Spectrum,  faint,  end  at . 

2547 

0’02  grm.  in  20  cub.  centims.  of  alcohol  of  0‘8  sp.  gr. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

miliims. 

5 

Continuous  to . 

3020 

Feeble  to . 

2995 

Absorption  band . 

2995  to  2735 

Spectrum  ends  at . 

2556 

4 

Continuous,  strong,  to . 

2965 

Absorption  band . 

2965  to  2863  | 

Spectrum  ends  at . 

2556 

3 

Spectrum  continuous  to  .  .  .  .  . 

2556 

Very  feeble  to  .  . 

2518 

2 

Spectrum  ends  at . 

2466 

1 

Fairly  strong,  continuous  spectrum  to  . 

2466 

Spectrum  ends  at . 

2255 
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Foreign  Aconitine.  From  Messrs.  T.  and  H.  Smith  and  Co. 
0‘2  grm.  in  40  cub.  centims.  of  alcohol  of  0‘8  sp.  gr. 


Thickness  of 
lajer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

millims. 

5 

Continuous  to . 

2839 

4 

Continuous  to . 

2839 

3 

Continuous  to . 

2573 

2 

Continuous  to . 

2547 

1 

The  same  spectrum,  but  stronger  and 
extending  to  a  faint  ray  .... 

2486 

Japaconitine.  From  Dr.  C.  R.  A.  Wright.  Plate  53,  fig.  3. 


0'2  grm.  in  40  cub.  centims.  of  alcohol  of  sp.  gr.  (P8. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

millims. 

5 

Continuous  to . 

2861 

4 

Continuous  to . 

2839 

3 

Continuous,  strong . 

2861 

Absorption  band . 

2799  to  2614 

Spectrum  ends  at . 

From  2614  to  2573  the  spectrum  is 
only  very  faintly  visible. 

2573 

2 

Continuous . 

2747 

Absorption  band . 

2747  to  2614 

Spectrum  ends  at . 

2573 

1 

Rays  transmitted  to . 

Remains  of  the  absorption  band  are 
seen  in  the  very  weak  transmission 

2547 

of  rays  lying  between  .... 

2747  and  2614 

0-8 

Rays  transmitted  to . 

2529 

0-6 

Rays  transmitted  to . 

2529 

0-4 

Rays  transmitted  to . 

2526 

0-2 

Continuous  to . 

2429 

This  substance  gave  the  same  spectrum  after  a  solution  in  weak  alcohol  (proof 
spirit)  had  been  kept  for  two  years. 
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Pseud  aconitine.  From  Dr.  0.  R  A.  Wright.  Plate  53,  fig.  4. 

U’2  grm.  in  40  cub.  centims.  of  alcohol  of  sp.  gr.  0’8. 

This  solution  was  diluted  to  five  times  its  original  volume  for  these  photographs. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

millims. 

5 

Continuous,  strong  to . 

3127 

4 

Continuous,  strong  to . 

3084 

3 

Continuous,  strong  to . 

3028 

Absorption  band . 

3028  to  2431 

Rays  faintly  transmitted  to  where 
spectrum  ends  at . 

2316 

2 

Continuous  to . 

2747 

Absorption  band . 

2747  to  2504 

Rays  transmitted  faintly  to  ... 

2431 

Rays  transmitted  weakly  to  ...  . 

2316 

1 

Continuous  to . 

2316 

Spectrum  ends  at  a  line  the  position 
of  which  is  just  indicated  . 

2292 

This  substance  yielded  the  same  spectrum  after  it  had  been  kept  for  two  years  in 
solution  in  weak  alcohol  (proof  spirit). 


A  series  of  aconitines  from  different  sources  of  manufacture  was  kindly  sent  to 
me  by  Dr.  Stevenson,  Lecturer  on  Chemistry  and  Medical  Jurisprudence  at  Guy’s 
Hospital,  London. 

The  list  of  specimens,  which  was  accompanied  by  remarks  upon  them,  is  the 
following  : — 

No.  1.  “Exotic  aconitine,  probably  German,  rather  inert.” 

No.  2.  “  A  fine  specimen  of  crystallised  aconitine,  special,  prepared  by  T. 

Morson  and  Son,  124,  Southampton  Ptow,  London.” 

No.  3.  “Aconitine,  from  Burgoyne,  Burbidges  and  Co.,  16,  Coleman  Street, 
London.” 

No.  4.  “  Nitrate  of  Aconitine.”  (This  specimen  was  accidentally  destroyed.) 

No.  5.  “  Aconitine  of  uncertain  source.” 
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No.  1.  Aconitine.  Exotic  aconitine,  probably  German  ;  rather  inert. 


O'l  grm.  in  20  cub.  centims.  of  alcohol  of  sp.  gr.  0'8. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

1 

Wave-lengths. 

millims. 

10 

Continuous  to . 

3245-5 

9 

Continuous  to . 

3245  5 

8 

Continuous  to . 

3245-5 

7 

Same  as  last 

6 

Continuous  to . 

3245-5 

5 

Continuous  to . 

3130 

Spectrum  extends  feebly  to  ... 

2863 

4 

Continuous  to . 

2948 

Spectrum  extends  feebly,  but  not  con¬ 
tinuous  to . 

2568 

3 

Continuous  to . 

2948 

A  feeble  spectrum  extends  to  ... 

2568 

2 

Continuous  strong  to . 

2863 

A  feeble  spectrum  extends  to 

2568 

1 

Continuous  to . 

2863 

Spectrum  extends  weakly  to  ... 

2568 

0‘1  in  20  dilutes  2  cub.  centims.  to  10  cub.  centims.,  or  O'l  grm.  in  100  cub.  centims.  of 

alcohol  of  sp.  gr.  0*8. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

millims. 

5 

Continuous  to . 

2863 

A  feeble  spectrum  extends  to 

2568 

4 

Continuous  spectrum  to . 

2542 

3 

Same  as  last 

2 

Continuous  spectrum  to . 

2472-5 

1 

Continuous  to . 

2472-5 

Spectrum  extends  feebly  to  ... 

2387 

O'l  grm.  in  500  cub.  centims.  of  alcohol  of  sp.  gr.  0'8. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave  lengths. 

millims. 

5 

Continuous  to . 

2387 

Spectrum  extends  faintly  to  ... 

2259 

4 

Same  as  last  up  to . 

2259 

Spectrum  extends  feebly  to  ... 

2144 

3 

Same  as  last. 

2 

Same  as  last,  but  stronger. 

1 

Same  as  last. 
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No.  2.  Aconitine.  From  F.  Morson  and  Son.  Plate  53,  fig.  5. 
0’1  grm.  in  20  cub.  centims.  of  alcohol  of  sp.  gr.  (P8. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

millims. 

5 

Continuous  to . 

3130 

4 

Same  as  last. 

3 

Continuous  to . 

3130 

2 

Same  as  last. 

1 

Continuous,  strong  to . 

3130 

OH  grm.  in  100  cub.  centims.  of  alcohol  of  sp.  gr.  0'8. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

millims. 

5 

Continuous  to . 

3085 

4 

Continuous  to . 

3085 

3 

Continuous  to . 

3033 

Absorption  band  from . 

3033to  2836  5 

Rajs  transmitted,  not  continuous  to  . 

2740 

Absorption  band  from . 

2740to2424-3 

Rays  transmitted  very  feebly  to. 

2310 

2 

Continuous  to . 

3002 

Absorption  band  from . 

3002  to  2863 

Rays  transmitted  weakly  to  ... 

2740 

Absorption  band  from . 

2740to2424'3 

Rays  transmitted  weakly  to  ... 

2310 

i 

Continuous  to . 

2740 

Very  feeble,  but  not  continuous  to  . 

2440-5 

Very  feebly  continuous  to . 

2286 

O'l  grm.  in  500  cub.  centims.  of  alcohol  of  sp.  gr.  0'8. 


Thickuess  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

millims. 

5 

Continuous  to . 

2740 

Very  feeble,  but  not  continuous  to  . 

2440-5 

Feebly  continuous  to . 

2310 

4 

Continuous  to . 

2696-5 

Very  feebly  continuous  205  .... 
Faint  but  not  continuous  to  ... 

2472-5 

3 

Feebly  continuous  to . 

Some  at  last. 

2310 

2 

Continuous  to . 

2259 

i 

Continuous  to . 

2259 
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No.  3.  Aconitine.  From  Burgoyne,  Burbidges  and  Co.  Plate  53,  fig.  G. 
OT  grm.  in  20  cub.  centims.  of  alcohol  of  sp.  gr.  0'8. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

millims. 

5 

Continuous . 

2976-5 

4 

Continuous  to . 

2863 

Absorption  band  from . 

2863  to  2613 

Rays  transmitted  at . 

2568 

3 

Continuous  to . 

2863 

Weak,  not  continuous  to  .... 

2740 

Absorption  band  from . 

2740  to  2658 

Rays  transmitted  at . 

2568 

2 

Continuous  to . 

2863 

Weak,  but  not  continuous . 

2568 

1 

Continuous  to . 

2493-5 

0'1  grm.  in  100  cub.  centims.  of  alcohol  of  sp.  gr.  0‘8. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

millims. 

5 

Continuous  to . 

2493-5 

4 

Continuous  to . 

2476 

3 

Continuous  strong  to . 

2476 

2 

Continuous  to . 

2472-5 

Spectrum  extends  feebly  to  ... 

2418 

1 

Continuous  to . . 

2418 

There  is  a  weakening  of  the  spectrum  between  2402  and  2310,  but  it  can  scarcely  be 
called  an  absorption  band. 


0*1  grm.  in  500  cub.  centims.  of  alcohol  of  sp.  gr.  0*8. 


Thickness  of 
la}  er  of  liquid. 

Description  of  spectrum. 

Wave-length3. 

millims. 

5 

Continuous  to . 

2418 

Weakening  of  the  spectrum  from . 

2387  to  2310 

Rays  transmitted  feebly  to  ... 

2259 

4 

Continuous  to . 

2387 

Spectrum  extends  to . 

2145-9 

3 

Same  as  last. 

2 

Same  as  last,  but  stronger. 

2190 

1 

Continuous  to . 

3  R 
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No.  5.  Aconitine.  Aconitine  of  uncertain  source. 
0'1  grm.  in  20  cub.  centims.  of  alcohol  of  sp.  gr.  0‘8. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

millims. 

5 

Continuous  to . 

2812 

Spectrum  faint,  but  not  continuous, 
extends  to . 

2568 

4 

Continuous  to . 

2812 

Spectrum  extends  to . 

2568 

3 

Continuous  to . 

2568 

2 

Continuous  to . 

2542 

i 

Continuous  to . 

2472-5 

0'i  grm.  in  100  cub.  centims.  of  alcohol  of  sp.  gr.  0*8. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

W  ave-lengths. 

millims. 

5 

Continuous  to . 

2472-5 

4 

Continuous  to . 

2418 

3 

Same  as  last. 

2 

Continuous  to . 

2418 

i 

Continuous  to . 

2387 

Spectrum  extends  to . 

2145-9 

Of  these  specimens,  the  spectra  of  which  have  been  described,  only  two  exhibit 
absorption  bands.  Curves  have  been  drawn  of  these. 

Morson’s  preparation,  the  crystals  of  which  were  one  and  even  two  millimetres 
in  length,  was  found  to  absorb  the  rays  at  two  points,  the  two  absorptions  being 
equally  strong.  The  measurements  and  descriptions  of  the  transmitted  spectra  are 
here  given,  together  with  the  curves. 

It  is  noticeable  that  the  most  active  aconitines  are  those  with  strongest  absorption 
bands  ;  and  of  the  commercial  samples  scarcely  two  yield  the  same  absorption  spectra. 
The  variations  in  the  curves  indicate  that  not  only  may  there  be  considerable 
differences  in  their  composition,  but  also  in  their  chemical  constitution. 
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Quinine.  From  Mr.  David  Howard.  Plate  53,  fig.  7. 
0'02  grm.  in  20  cub.  centims.  of  alcohol  of  sp.  gr.  0'8. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

millims. 

5 

Continuous,  strong  to . 

3465 

4 

Continuous,  strong  to . 

3465 

3 

Continuous,  strong  to . 

3403 

Absorption  band  fi’om . 

34-03  to  3033 

Rays  transmitted  to . 

2995-5 

2 

Continuous,  strong  to . 

3403 

Absorption  band  from . 

3403  to  3033 

Rays  transmitted  very  weakly  to 

2980 

Absorption  band,  but  weaker  than 
former,  from . 

2974  to  2854 

Rays  transmitted  very  weakly  to  . 

2572 

1 

Continuous,  strong  to . 

3393 

*Eeeble,  but  not  continuous  to 

312.3 

Continuous,  strong  to  .  .  .  .  . 

2936 

*Eeeble  to . 

2880 

Continuous,  weak  to . 

2469 

Quinine  Sulphate.  From  Mr.  David  Howard.  Plate  54,  fig.  1. 

0'02  grm.  in  20  cub.  centims.  of  alcohol  of  sp.  gr.  0'8,  and  5  cub.  centims.  of  double 

normal  sulphuric  acid. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

millims. 

5 

Continuous  to . 

3746 

Absorption  band  from . 

3746  to  2865 

Rays  transmitted  to . 

2747 

Spectrum  ends  at . 

2660 

4 

Continuous  to . 

3746 

Absorption  band  from . 

3746  to  2875 

Spectrum  ends  at . 

2660 

3 

Continuous  to . 

3691 

Absorption  band  from . 

3691  to  3028 

Spectrum  ends  at . 

2644 

2 

Continuous,  strong  to . 

3606 

Absorption  band  from . 

3606  to  3466 

Rays  transmitted  to . 

2632 

1 

Continuous,  strong  to . 

3606 

Weak,  scarcely  continuous  to 

3465 

This  may  be  called  a  faint  absorption 
band. 

Continuous,  strong  to . 

2632 

Spectrum  ends  at . 

2515 

*  At  these  points  there  are  traces  of  absorption  bands. 

3  R  2 


They  may  be  said  to  be  still  there,  but  feeble. 
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Cinchonine.  From  Mr.  David  Howard.  Plate  54,  fim  2. 

7  C> 

0’02  grm.  in  20  cub.  centims.  of  alcohol  of  sp.  gr.  0'8,  and  5  cub.  centims.  of  double 

normal  sulphuric  acid. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

miliiins. 

5 

Continuous,  strong  to . 

3465 

Absorption  band  from  . . 

3465  to2735-5 

Rays  transmitted  to . 

2569 

4 

Continuous  to . 

3356 

Absorption  band  from . 

3356  to  2834 

Rays  transmitted  to . 

2569 

Spectrum  ends  at  ....... 

2544 

3 

Continuous  to . 

3356 

Absorption  band  from . 

3356  to  2834 

Spectrum  ends  at . 

2547 

2 

Continuous  to . 

3260 

Absorption  band  from . 

3260  to  2860 

Spectrum  ends  at . 

2467 

i 

Continuous,  strong  to . 

3260 

Absorption  band  from . 

3260  to  3022 

Spectrum  ends  at . 

2467 

Quisidine  Sulphate.  From  Mr.  David  Howard.  Plate  54,  fig.  3. 

0’02  grm.  in  20  cub.  centims.  of  alcohol  of  sp.  gr.  0’8,  with  5  cub.  centims.  of  double 

normal  sulphuric  acid  added. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

millims. 

5 

Continuous  to . 

3737 

Absorption  band  from . 

3737  to  2867 

Spectrum  ends  at . 

2660 

4 

Continuous  to . 

3690 

Absorption  band  from . 

3690  to  2875 

Spectrum  ends  at . 

3 

Continuous  to . 

3691 

Absorption  band  from . 

3691  to  2891 

Spectrum  ends  at . 

2644 

2 

Continuous  to . 

3178 

Absorption  band  from . 

3178  to  3022 

Spectrum  ends  at . 

2644 

1 

Continuous,  strong  to . 

3606 

Continuous,  weak  to . 

3461 

Continuous,  strong  to . 

2628 

Spectrum  ends  at . 

2610 

ABSORPTION  SPECTRA  OF  THE  ALKALOIDS. 


489 


Cinchonidine  Sulphate.  From  Mr.  David  Howard.  Plate  54,  fig.  4. 

•02  grm.  in  20  cub.  ceiitims.  of  alcohol  of  sp.  gr.  0-8,  with  5  cub.  centims.  of  double 

normal  sulphuric  acid  added. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

xnillims. 

5 

Continuous  to . 

3364 

Absorption  band  from . 

3364  to  2860 

Spectrum  ends  at . 

2614 

4 

Continuous  to . 

3364 

Absorption  band  from . 

3364  to  2860 

Spectram  ends  at . 

2614 

3 

Continuous  to . 

3348 

Absorption  band  from . 

3348  to  2860 

Spectrum  ends  at . 

2614 

2 

Continuous  to . 

3258 

Absorption  band  from  - . 

3258  to  2864 

Spectrum  ends  at . 

2569 

1 

Continuous,  strong  to . 

3258 

Absorption  incomplete  from  .... 

3258  to  2907 

Spectrum  ends  at . 

2572 

Morphia.  From  Messrs.  T.  and  H.  Smith  and  Co.  Plate  54,  fig.  5. 
0‘1  grm.  in  25  cub.  centims.  of  alcohol  of  sp.  gr.  0-8. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

millims. 

-5 

Continuous  to . 

3008 

4 

Strong,  continuous  to . 

3008 

3 

Continuous  to . 

2980 

2 

Strong,  continuous  to . 

3008 

Ratter  weak  to . 

2980 

Absorption  band  . . 

2980  to  2660 

Rays  transmitted  faintly  to  ... 

2572 

1 

Continuous  to . 

2957 

Absorption  band . 

2956  to  2747 

Rays  transmitted  to . 

2572 
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O'l  grin,  in  10  cub.  centims.  of  alcohol  of  sp.  gr.  0'8. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

xnillims. 

5 

Continuous,  strong  to . 

2980 

Absorption  band . 

2980  to  2747 

Rajs  transmitted  weakly  to  end  at 

2572 

4 

Continuous,  strong  to . 

2949 

Absorption  band . 

2949  to  2838 

Spectrum  ends  at . 

2572 

3 

Continuous  to . 

2980 

Absorption  band . 

2949  to  2870 

Spectrum  ends  at . 

2547 

1 

Continuous,  bnt  ratter  weak  .... 

2504 

Rajs  transmitted  feebly . 

2316 

Spectrum  ends  at . 

2316 

Morphine.  From  Macfarlan  and  Co.,  Edinburgh.  Plate  54,  fig.  6. 


O’l  grm.  in  25  cub.  centims.  of  alcohol  of  sp.  gr.  0’8. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

xnillims. 

5 

Continuous . 

3008 

4 

Same  as  five. 

3 

Continuous  to . 

3008 

Absorption  band . 

3008  to  2613 

2 

Continuous  to . 

2980 

Absorption  band . 

2980  to  2613 

Rays  feebly  transmitted  to  ... 

2570 

1 

Continuous  to . 

3008 

Absorption  band  from . 

2980  to  2836 

Rays  feebly  transmitted  to  ... 

2570 

Solution  of  0‘1  in  25  cub.  centims.  of  alcohol  of  sp.  gr.  0'8,  diluted  to  four 
times  its  volume,  equivalent  to  1  in  1000. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

millims. 

4 

Continuous  to . 

2980 

Absorption  band  from . 

2980  to  2836 

Rays  feebly  transmitted  to  ... 

2570 

3 

Continuous  to . 

2980 

Absorption  band . 

2980  to  2857 

Rays  transmitted  feebly  at  ... 

2570 

2 

Continuous  to . 

2980 

Absorption  band . 

2980  to  2880 

Rays  transmitted  to . 

2542 

1 

Continuous  to . 

2980 

i 

Very  feebly  continuous  to  .... 

2542 
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Tetr  acetyl- Morphine.  From  Dr.  C.  R  A.  Wright.  Plate  55,  fig.  1. 


0‘1  grm.  in  20  cub.  centims.  of  alcohol  of  sp.  gr.  0'8. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

millime. 

5 

Continuous  to . 

2949 

4 

Continuous  to . 

2949 

3 

Continuous  to . 

2926 

Absorption  band  from . 

2926  to  2572 

Rajs  transmitted  very  faintly 

2572 

2 

Continuous  to . 

2902 

Absorption  band  from . 

2902  to  2611 

Rajs  transmitted  faintly  to  ... 

2547 

1 

Continuous  to . 

2864 

Absorption  band  from . 

2864  to  2745 

Rays  transmitted  to . 

2544 

Should  there  appear  to  be  any  discrepancy  between  the  measurements  of  absorption 
bands  seen  in  the  spectra  of  strong  and  weak  solutions  of  the  same  substance  which 
might  be  expected  to  give  the  same  readings  on  the  scale,  they  may  be  accounted  for 
by  the  fact  that  two  series  of  photographs  were  taken  by  different  persons  and  the 
measurements  made  and  recorded  by  different  observers,  the  later  observations  being 
made  after  the  lapse  of  several  months.  In  no  case  have  the  differences  between  any 
two  sets  of  measurements  been  sufficiently  great  to  affect  the  curves. 


0‘ 2  grm.  in  200  cub.  centims.  of  alcohol  of  sp.  gr.  0-8. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

millims. 

5 

Continuous,  strong  to . 

2965 

Absorption  band . 

2964  to  2601 

Spectrum  ends  at . 

2556-5 

4 

Continuous  to . 

2821-5 

Absorption  band . 

2821  to  2735 

Spectrum  ends  at . 

2535-5 

3 

Rays  continuous  to . 

2821-5 

Rays  transmitted  feebly  to  .... 

2593 

A  little  stronger  to . 

2556"5 

Very  feebly  transmitted  to  where 
spectrum  ends  at . 

2482 

2 

Spectrum  ends  at  ....... 

2387 

1 

Spectrum  ends  at . 

2302-3 
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Codeine.  From  Dr.  C.  E.  A.  Wright.  Plate  55,  fig.  2. 


0'1  grm.  in  20  cub.  centims.  of  alcohol  of  sp.  gr.  0'8. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

millras. 

5 

Continuous  to . 

3008 

4 

Continuous  to . 

2980 

8 

Continuous  to . 

2980 

2 

Continuous,  strong  to . 

2980 

Absorption  band  from . 

2977  to  2613 

Rays  transmitted  at . 

2613 

1 

Continuous,  strong-  to . 

2977 

Absorption  band  from . 

2977  to  2747 

Rays  transmitted  to . 

2572 

0’02  grm.  in  20  cub.  centims.  of  alcohol  of  sp.  gr.  0'8. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

millims. 

5 

Continuous,  strong  to . 

2965 

4 

Continuous  to . 

2965 

Absorption  band  .  . . 

2965  to  2735 

Spectrum  ends  at . 

2556 

3 

Continuous  to . 

2942 

Absorption  band . 

2942  to  2798 

Spectrum  ends  at . 

2556 

2 

Continuous  to . 

2942 

Absorpiion  band . 

2942  to  2863 

Rays  transmitted  to . 

2556 

1 

Spectrum  strong  to . 

2942 

Rays  transmitted  are  weak  to  end  at  . 

2556 

Codeine.  From  Messrs.  T.  and  E.  Smith  and  Co.  Plate  55,  fig.  3. 


0'2  grm.  in  20  cub.  centims.  of  alcohol  of  sp.  gr.  0'8. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengihs. 

millims. 

5 

Strong,  continuous  to . 

3008 

4 

Strong,  continuous  to . 

3008 

Very  faint  to . 

2980 

3 

Strong,  continuous  to  ... 

3008 

Faint  to . 

2980 

2 

Strong,  continuous  to  . 

2980 

Absorption  band . 

2964  to  2660 

Rays  transmitted  faintly  to  ... 

2613 

1 

Continuous,  strong  to  . 

2980 

Absorption  band  .... 

2747  to  2572 

Continuous,  strong’  to  . 

transmitted 

2980 

Absorption  band . 

2962  to  2747 

Rays  transmitted  to . 

2572 
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The  original  solution  diluted  to  5  times  its  original  volume  =  1  in  1000. 


Thickness  of 
layer  of  liquid. 

Descrip'ion  of  spectrum. 

Wave-lengths. 

millims. 

5 

Continuous  to . 

2976 

Absorption  band . 

2962  to  2747 

Rajs  transmitted  to . 

2613 

4 

Continuous  to . 

2976 

Absorption  band . 

2976  to  2747 

Rays  transmitted  to . 

2570 

3 

Continuous  to . 

2976 

Absorption  band . 

2976  to  2747 

Rays  transmitted  to . 

2570 

2 

Continuous  to . 

2976 

Absorption  band . 

2976  to  2740 

Rays  faintly  transmitted  to  ... 

2740 

Very  faint  at . 

2568 

1 

Continuous  to . 

2875 

Spectrum  ends  at  .  • . 

2542 

Diacetyl-Codeine.  From  Dr.  C.  R.  A.  Wright.  Plate  55,  fig.  4. 
0’2  grin,  in  20  cub.  centims.  of  alcohol  of  sp.  gr.  0'8. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

millims. 

5-4-3 

2 

Continuous,  strong  in  all  three  cases  to 

Continuous  to . 

Absorption  band . 

Rays  transmitted  to . 

2976 

2947 

2947  to  2613 

2572 

The  original  solution  was  diluted  to  5  times  its  original  volume  =  1  in  1000. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

millims. 

5 

Continuous,  strong  to . 

2976 

Absorption  band . 

2976  to  2609 

Rays  transmitted  to . 

2568 

4 

Continuous,  strong  to . 

2942 

Absorption  band . 

2942  to  2740 

Rays  transmitted  to . 

2568 

3 

Continuous,  strong  to . 

2942 

Absorption  band  ........ 

2942  to  2740 

Rays  transmitted  to . 

2556 

2 

Continuous  to . 

2556 

Rays  transmitted  at . 

2542 

1 

The  same  to . 

2542 

Rays  transmitted  feebly  to  ...  . 

2210 

3  s 
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Thebaine.  From  T.  and  H.  Smith  and  Co.  Plate  55,  fio-.  5. 
0’1  grm.  in  25  cub.  centims.  of  alcohol  of  sp.  gr.  0'8  or  1  in  250. 


Thickness  of 
layer  of  liquid. 

. 

Description  of  spectrum. 

Wave-lengths. 

millims. 

5 

Continuous,  strong  to . 

3250 

4 

Continuous,  strong  to . 

3250 

Faint  to . 

3230 

V ery  faint  to . 

3174 

3 

Continuous,  strong  to . 

3250 

Faint  to . 

3174 

2 

Continuous,  strong  to . 

3250 

W eak  to . 

3174 

1 

Continuous,  strong  to . 

3250 

Rather  weak  to . 

3174 

Faint  to . 

2265* 

A  diluted  solution  of  tliis  showed  an  abnormal  absorption  at  one  end  of  the  spectrum, 
i.e.,  5  millims.  dilute  should  be  equivalent  to  1  millim.  undilute,  dilution  being 
five  times ;  probably  due  to  a  change  in  the  solution  from  being  kept. 


0’1  in  20  cub.  centims.  of  alcohol  of  sp.  gr.  0  8. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

millims. 

5 

Continuous,  strong  to . 

3238 

Feebly  continuous  to . 

3215-5 

4 

Continuous,  strong  to . 

3238 

Feebly  continuous  to . 

3215-5 

3 

Continuous  to . 

3171 

2 

Continuous  to . 

3171 

1 

Continuous  to . 

3171 

0’1  grm.  20  cub.  centims.  of  alcohol  of  sp.  gr.  0’8,  diluted  2  cub.  centims.  to 

10  cub.  centims.  =1  in  1000. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave  lengths. 

millims. 

5 

Continuous,  strong  to . 

3238 

Weak,  continuous  to . 

3171 

4 

Continuous  to . 

3140 

3 

Continuous  to . 

3123-5 

2 

Continuous  to . 

3123-5 

Absorption  band  from . 

3171  to  2568 

1 

Continuous  to . 

3171 

Absorption  band  from . 

3171  to  2568 

Rays  transmitted  to . 

2568 

*  It  is  remarkable  bow  the  spectrum  suddenly  lengthens  at  this  point. 
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•1  grm.  in  20  cub.  centims.  of  alcohol  of  sp.  gr.  O' 8,  diluted  2  cub.  centims.  to 

50  cub.  centims.  —1  in  5000. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

• 

Wave-lengths. 

millims. 

5 

Continuous  to . 

31235 

Absorption  band  from . 

3171  to  2568 

Rays  transmitted  faintly  to  ... 

2490-5 

4 

Continuous  to . 

2976-5 

Absorption  band  from . 

2976-5to2740 

Rays  transmitted  to . 

2469-5 

3 

Continuous  to . 

29.76-5 

Absorption  band . 

2976'5to2863i 

Rays  transmitted  to . 

2418 

2 

Continuous  to . 

2863 

Fairly  strong  but  not  continuous  . 

2863  to  2653 

Continuous  to . 

2472-5 

1 

Continuous  to  . 

2466 

Papaverine.  From  T.  and  H.  Smith  and  Co. 

0'1  grm.  in  40  cub.  centims.  of  alcohol  of  sp.  gr.  0'8. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

millims. 

5 

Continuous,  strong  to . 

3403 

4 

Continuous,  strong  to . 

3403 

3 

Continuous,  strong  to . 

3403 

Continuous,  weak  to . 

3352 

2 

Continuous,  strong  to . 

3352 

1 

Continuous,  strong  to . 

3352 

Paint  to . 

3330 

'1  grm.  in  40  cub.  centims.  of  alcohol  of  sp.  gr.  0'8,  diluted  2  cub.  centims.  to 

10  cub.  centims. 


Thickne;s  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

millims. 

5 

Continuous,  strong  to . 

3982 

Paint  to . . 

3468 

4 

Continuous,  faint  to . 

3352 

3 

Continuous  to . 

3352 

2 

Continuous  to . 

3330 

i 

Continuous  to . 

2980 
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O'l  grm.  in  40  cub.  centims.  of  alcohol  of  sp.  gr.  0 '8. 

This  solution  was  kept  for  some  time  previous  to  being  photographed. 


Thickness  of 
layer  of  liquid. 

Description  of  Spectrum. 

Wave-lengths. 

mil;ims. 

5 

Very  faint  to . 

4237 

4 

Paint  to . 

4237 

3 

Weak,  continuous  to . 

4237 

Spectrum  extends  to . 

3982 

2 

Continuous  to . 

3982 

Faint  to . 

3600 

1 

Continuous  to . 

3456 

O'l  grm.  in  40  cub.  centims.  of  alcohol  of  sp.  gr.  0*8,  diluted  2  cub.  centims. 

to  10  cub.  centims.  or  1  in  2000. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

millims. 

5 

Continuous  to . 

3456 

4 

Continuous  to . 

3340 

3 

Continuous  to . 

3324 

2 

Continuous  to . 

3002 

1 

Continuous  to . 

2740 

O'l  grm.  in  40  cub.  centims.  of  alcohol  of  sp.  gr.  O' 8,  diluted  to  1  in  2000,  again 
diluted  2  cub.  centims. to  10  cub.  centims.  or  1  in  10,000. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

millims. 

5 

Continuous  to . 

2740 

4 

Weak,  continuous  to . 

2568 

3 

Same  as  last  spectrum. 

2 

Rays  transmitted  to . 

2568 

1 

Continuous  to . 

2545 

Absorbtion  band,  from . 

2545  to  2343 

Rays  transmitted  faintly  to  ... 

2265 
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•1  grm.  in  40  cub.  centims.  of  alcohol  of  sp.  gr.  0'8,  third  dilution  or  1  in  50,000. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

millims. 

5 

Continuous  to  termination  of  spectrum 

2572 

4 

Continuous  to . 

2545 

Ill-defined  absorption  band  from  .  . 

2545  to  2313 

Rays  transmitted  feebly  to  ... 

2265 

3 

Very  strong,  continuous  to  ... 

2862 

Continuous,  and  fairly  strong  to 

2572 

Ill-defined  absorption  band  from  .  . 

2545  to  2313 

Rays  transmitted  to . 

2265 

2 

The  same  description  and  measurement 

1 

are  applicable,  the  lines  being  a  little 
stronger. 

Continuous  to . . 

2572 

Absorption  band  visible . 

2545  to  2313 

But  lines  are  transmitted  very  feebly  f 

2495,2483,2429, 

at . | 

2422,  2355 

Spectrum  ends  at . 

2255 

Narcotine.  From  Messrs.  T.  and  H.  Smith  and  Co.  Plate  55,  fim  6. 

7  O 

0'2  grm.  dissolved  in  20  cub.  centims.  of  alcohol  of  sp.  gr.  0'8  =  1  in  200. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave  lengths. 

millims. 

5 

Strong,  continuous  to . 

3464 

4 

Strong,  continuous  to . 

3403 

3 

Strong,  continuous  to . 

3403 

2 

Strong,  continuous  to . 

3352 

1 

Strong,  continuous  to . 

3352 

0'2  dissolved  in  200  cub.  centims.  of  alcohol  of  sp.  gr.  0'8  =  I  in  1000. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths, 

millims. 

5 

Strong,  continuous  to . 

3352 

4 

Somewhat  doubtful  trace. 

Strong,  continuous  to . 

3352 

Absorption  band  from . 

3330  to  2707 

Rays  transmitted  to . 

2705 

3 

Strong,  continuous  to . 

3330 

Absorption  band  from . 

3252  to  2839 

Rays  weakly  transmitted  to  ... 

2572 

2 

Strong,  continuous  to . 

3330 

Absorption  band  from . 

3262  to  2839 

Rays  transmitted  to  ...... 

2572 

1 

Strong,  continuous  to . 

3260 

Spectrum  continuously  transmitted  to 

2545 
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0‘2  dissolved  in  200  cub.  centims.  of  alcohol  of  sp.  gr.  0‘8,  2  cub.  centims.  diluted  to 

10  =  1  in  5000. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

millims. 

5 

Strong,  continuous  to . 

3245-5 

Weakening  of  the  spectrum  between  . 

3245-5  and  2863 

Continuous  to . 

2482-5 

4 

Continuous  to . 

2418 

3 

Continuous  to . 

2418 

2 

Continuous  to . 

2310 

1 

Continuous  to . 

2259 

Narceine.  From  T.  and  H.  Smith  and  Co. 

0'1  grm.  in  25  cub.  centims.  or  20  cub.  centims.  of  alcohol  of  sp.  gr.  0‘8,  with 
5  cub.  centims.  of  glacial  acetic  acid  added  thereto. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-leDgths. 

millims. 

5 

Continuous,  strong  to . 

3572 

W eak  to . 

3465 

4 

Continuous,  strong  to . 

3465 

Weak  to . 

3330 

3 

Continuous  to . 

3330 

Faint  to  .  . 

3276 

2 

Continuous  to . 

3260 

1 

Continuous,  strong  to  119 . 

3260 

O'l  grm.  in  25  cub.  centims.  of  alcohol  of  sp.  gr.  0'8.  Solution  kept  some  time. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

millims. 

5 

Faint,  continuous  to . 

4237 

Feebly  continuous  to . 

4041 

4 

Weak,  continuous  to . 

4041 

Faint,  continuous  to  ...... 

3982 

3 

Same  as  last. 

2 

Fairly  strong,  continuous  to  ... 

3982 

Feebly  continuous  to . 

3600 

l 

Fairly  strong,  continuous  to  . 

3982 

Faint  to . 

3456 
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2  cub.  centims.  of  O'l  grm.  in  25  cub.  centims.  of  alcohol  of  sp.  gr.  0’8,  diluted 

to  8  cub.  centims.  =  1  in  1000 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

millims. 

4 

Continuous  to . 

324.V5 

3 

Same  as  the  last  spectrum. 

2 

Continuous  to . 

3171 

1 

Continuous  to . 

3008 

2  cub.  centims.  of  O’l  grm.  in  25  cub.  centims.  of  alcohol  of  sp.  gr.  0'8,  diluted 

to  80  cub.  centims.  =  1  in  10,000. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

millims. 

10 

Continuous  to . 

2740 

9 

Same  as  last  spectrum. 

8 

Same  as  last  spectrum. 

7 

Same  as  last  spectrum,,  but  slightly 

6 

stronger. 

Same  as  last  spectrum. 

5 

Same  as  last  spectrum. 

4 

Same  as  last,  stronger. 

3 

Continuous  to . 

2418 

2 

Continuous  to . 

2418 

1 

Continuous  to . 

2310 

Cotarnine  Hydrobromide.  From  Dr.  C.  R  A.  Wright. 

The  original  solution  diluted  to  five  times  its  volume,  or  1  in  1000. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

millims. 

5 

Continuous  to . 

4143 

Absorption  band . 

4061  to  2747 

4 

Continuous  to . 

4061 

Absorption  band . 

4061  to  2747 

3 

The  spectrum  is  substantially  the  same 

2 

as  that  transmitted  by  4  millims. 
Continuous  to . 

3982 

Absorption  band . 

3982  to  2747 

Spectrum  extends  to . 

2696 

1 

Continuous  as  above  to . 

3982 

Absorption  band . 

3982  to  2872 

Rays  transmitted  weakly  to  ... 

2696 
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1  in  10,000. 


Thickness  of 
la3'er  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

millims. 

10 

Continuous  to . 

3917 

Absorption  band . 

3982  to  2747 

The  absorption  is  weakening  and  rays  ] 

3800 

appear  feebly,  thougb  in  reality  > 

3739 

strong  lines,  as  far  as.  ...  J 

3682 

Rays  very  feebly  transmitted  to  . 

2863 

Continuous,  but  weak  to . 

2747 

9 

Continuous  to . 

3600 

Absorption  band . 

3600  to  3033 

Rays  feebly  continuous  to . 

2653 

8 

Continuous  to . 

3600 

Absorption  band . 

3600  to  3033 

Rays  continuous  but  feeble  to 

2653 

7 

The  description  of  the  spectrum  trans- 

mitted  by  8  millims.  is  the  same, 
with  the  exception  of  a  trace  of  a 
line  at . 

2310 

6 

Spectrum  precisely  the  same  as  7 

5 

millims. 

Spectrum  precisely  the  same  as  the 

foregoing  as  far  as . 

2653 

Apparently  an  absorption  band  .  . 

2740  to  2310 

Rays  feebly  transmitted  to  ... 

2310 

4 

Precisely  the  same  as  above,  but  in 

addition  to  the  rays  transmitted 
weakly  to . 

2310 

There  are  others  extending  to  . 

2255 

3 

Continuous . 

3600 

Absorption  band . 

3600  to  3033 

This  band  is  greatly  weakened,  so  that 
rays  are  faintly  transmitted  to . 

3033 

Continuous  to . 

2740 

Absorption  band . 

2740  to  2310 

Rays  transmitted,  the  absorption  being 
weakened  between  2740  and-  . 

2568 

Also  from  2430  to . 

2255 

2 

Continuous  to . 

2863 

Continuous  to . 

2740 

Absorption  band,  diminished  in  inten- 
sity . 

2740  to  2310 

Rays  transmitted  weakly  to  ... 

2568 

Very  feebly  to . 

2255 

i 
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Apomorphine  Hydrochloride.  From  T.  and  H.  Smith  and  Co.  Plate  56,  fig.  1. 
0‘1  grm.  in  20  cub.  centims.  of  alcohol  of  sp.  gr.  0‘ 8. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

-  I 

Wave-lengths. 

• 

millims. 

5 

4 

3 

2 

1 

Continuous,  strong  to . 

Continuous,  strong  to . 

Continuous,  strong  to . 

Faint  to . 

Continuous,  strong  to . 

Faint  to . 

Continuous  to . 

3465 

3465 

3465 

3434 

3465 

3403  * 

3330 

0-1  grm.  in  20  cub.  centims.  of  alcohol  of  sp.  gr.  0'8  or  1  in  200.  Fresh  solution. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

millims. 

5 

Weak,  continuous  to . 

3456 

4 

Weak,  continuous  to . 

3456 

3 

Weak,  continuous  to . 

3438 

2 

Weak,  continuous  to . 

3403 

1 

Fairly  strong,  continuous  to  ...  . 

3982 

Weak,  continuous  to . 

3403 

01  grm.  in  20  cub.  centims.  2  cub.  centims.  diluted  to  10  cub.  centims  =1  in  1000. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

millims. 

5 

Continuous  to . 

3403 

4 

Continuous  to . 

3403 

3 

Continuous  to . 

3403 

Faint  to . 

3331-5 

2 

Continuous  to . 

3261 

1 

Continuous  to . 

3261 

Feeble  lines  at . 

3072 

2  cub.  centims.  of  the  last  solution  diluted  to  10  cub.  centims.  =1  in  5000. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

millims. 

5 

Continuous  to . 

3261 

4 

Same  as  last,  but  a  little  stronger 

3 

Continuous  to . 

3245-5 

2 

Continuous  to . 

3245-5 

Absorption  band  from . 

2976-5  to  2568 

Trace  of  a  line  at . 

2479-5 

3  T 
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Three  solutions  of  oxynarcotine  were  examined,  this  solution,  which  was  kept  for 
some  time  after  the  notes  written  below  had  been  taken,  yielded  a  spectrum  from 
which  the  curve  was  drawn.  It  was  found  however  that  the  liquid  had  undergone 
great  change,  so  a  second  solution  was  made  which  yielded  the  dotted  curve  when  quite 
fresh. 


Oxynarcotine.  From  Dr.  C.  R.  A.  Wright.  Plate  56,  fig.  2. 

0’1  grm.  in  20  cub.  centims.  of  alcohol  of  sp.  gr.  0’8  and  5  cub.  centims.  of  acetic  acid. 

A: 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

millims. 

5 

Continuous  to . 

3465 

4 

Continuous  to . 

3348 

3 

Continuous  to . 

3332 

2 

Continuous  to . 

3268 

1 

Continuous  to . 

3186 

Another  solution  of  the  same  specimen,  examined  immediately  after  its  preparation. 


OH  grm.  in  20  cub.  centims.  of  alcohol  of  sp.  gr.  0'8  and  5  cub.  centims.  of  acetic  acid. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

millims. 

5 

Continuous  to . 

3456 

4 

Two  weak  lines  at . | 

Continuous  to . 

3324 

3 

Continuous . 

3245-5 

2 

Continuous  to . 

3245-5 

1 

Continuous  to . 

3245-5 

2  cub.  centims.  diluted  to  10  cub.  centims.  =1  in  1000. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

millims. 

4 

Continuous,  strong  to . 

3245-5 

3 

Continuous,  strong  to . 

3245-5 

2 

Continuous  to . 

3171 

1 

Continuous  to . 

3123-5 
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2  cub.  centims.  of  the  last  solution  diluted  to  10  cub.  centims.  =1  in  5000. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

millims. 

5 

4 

3 

2 

1 

Continuous  to . 

An  absorption  band  from . 

Rays  feebly  transmitted  at  the  follow-  J 
ing  points . | 

Continuous  to . 

Absorption  band  from . 

f 

Rays  transmitted  at  the  following 
points  (spectrum  not  continuous) 

Continuous  to . 

Two  strong  lines  at . | 

Spectrum  extends  to  .' . 

Same  as  last  spectrum.  The  lines 
being  a  little  stronger. 

Continuous  to . 

Spectrum  extends  to  (not  continuous) 

3033 

3008  to  2568 

2976-5 

2857-5 

2836-5 

2545 

3033 

3008  to  2568 

2976-5 

2857-5 

2836-5 

2744-5 

2705 

2597 

2545 

2497 

2482-5 

2430-7 

2421 

3033 

2421 

2863 

2310 

2  cub.  centims.  of  the  last  solution  diluted  to  10  cub.  centims.  =1  in  25,000. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave  lengths. 

millims. 

5 

Continuous . 

2482-5 

Spectrum  extends  to  (not  continuous) 

2310 

4 

Continuous . 

2418 

Spectrum  extends  to  (not  continuous) 

2259 

3 

Same  as  last  spectrum. 

2 

Continuous . 

2310 

Spectrum  ends  at . 

2259 

1 

Same  as  last. 

The  selective  absorption  in  this  substance  is  very  slight,  beginning  at  a  thickness  of 
5  millims.  and  ending  at  the  next  thickness  of  4  millims.  in  a  solution  of  1  grm.  in 
5000  cub.  centims.  (alcohol). 

This  solution  gives  a  blue  fluorescence  similar  to  that  given  by  pseuclaconitine  and 
apomorphin  e-hydrochloride. 


3  T  2 
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A.  solution  which  had  been  kept  for  about  six  months  and  had  evidently  become 
altered. 


0'1  grm.  in  25  cub.  centims.  of  alcohol  of  sp.  gr.  0'8,  and  5  cub.  centims.  of  acetic  acid 

or  1  in  250. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

millims. 

5 

Faint  to . 

4376 

4 

Feebly  continuous  to . 

4340 

3 

Feebly  continuous  to . 

4340 

2 

Feebly  continuous  to . 

4340 

1 

Weak,  continuous  to . 

4255 

This  substance  gave  a  blue  fluorescence  similar  to  pseudaconhine  and  apomorphine- 
hydrochloride. 


2  cub.  centims.  of  the  last  solution  diluted  to  8  cub.  centims.  =1  in  1000. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

millims. 

4 

Weak,  continuous  to . 

3994 

3 

Continuous  to . 

3994 

2 

Continuous  to . 

3825 

1-8 

To  wave-length  3600  the  spectrum  is 
discontinuous. 

Continuous  to . 

3825 

1-6 

To  wave-length  3600  the  spectrum  is 
feeble  and  discontinuous 
Continuous  to . 

3825 

1-4 

Continuous  to . 

3825 

Absorption  band  from . 

3456  to  2740 

Rays  transmitted  to . 

2740 

1-2 

Continuous  to . 

3825 

Rays  are  transmitted  as  far  as  wave¬ 
length  3456,  but  the  spectrum  is 
not  continuous. 

Absorption  band  from . 

3456  to  2740 

Rays  transmitted  to . 

2740 

1 

Continuous  to . 

3600 

Weak,  but  not  continuous,  to 

2709'5 
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2  cub.  centims.  diluted  to  20  cub.  centims.  =1  in  10,000. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

,  Wave-lengths. 

millims. 

10 

Continuous  to . 

3610 

Very  feebly  continuous  from  .... 

3600  to  3456 

Weakening  of  the  spectrum  between  . 

3171  and  2863 

9 

Same  as  last,  but  stronger. 

8 

Same  as  last,  with  this  exception. 

7 

Same  as  last. 

6 

Strong,  continuous . 

3982 

Weak,  continuous  to . 

3600 

Rays  transmitted  to . 

2568 

5 

Strong,  continuous  to . 

Weak, continuous. 

3245-5 

Paint,  continuous  to . 

Not  continuous,  but  the  lines  are 
strongly  marked  to . 

2568 

2545 

4 

Continuous  to . 

3245-5 

Spectrum  extends  to . 

2421 

3 

This  spectrum  is  continuous  to  . 

2310 

2 

Continuous  spectrum  to . 

2259 

1 

Same  as  last  spectrum,  but  slightly 
stronger  all  through. 

Veratrine.  From  Messrs.  T.  and  H.  Smith  and  Co.  Plate  56,  fig.  4. 
0‘1  grin,  in  20  cub.  centims.  of  alcohol  of  sp.  gr.  0*8. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

millims. 

5 

Continuous  to . 

3145 

4 

Continuous  to . 

3132 

3 

Continuous  to . 

3111 

2 

Continuous  to . 

3034 

Absorption  band . 

3034  to  2848 

Rays  weakly  transmitted  to  ...  . 

2747 

1 

Continuous  to . 

3016 

Absorption  band . 

3016  to  2860 

Rays  transmitted  to . 

2747 

Rays  weakly  transmitted  to  end  of 
spectrum  at . 

2707 
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0’1  grm.  in  100  cub.  centims.  of  alcohol  of  sp.  gr.  0‘8. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

millions. 

5 

Continuous  to . 

3008 

Absorption  band . 

3008  to  2847 

Rays  transmitted  faint  to . 

2740 

4 

Continuous  to . 

3033 

Absorption  band . 

2976-5  to  2869 

Rays  transmitted  to . 

2705 

3 

Continuous  to . 

3033 

Rays  transmitted  feebly  and  con¬ 
tinuously  to . 

2869 

2 

Continuous  to . 

3171 

W eak  to  . 

2418 

1 

Continuous  to . 

2307-5 

Ceyadine.  From  Dr.  C.  R.  A.  Wright  (Merck’s  Yeratrine). 


0'1  grm.  in  20  cub.  centims.  of  alcohol  of  sp.  gr.  0'8. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

millims. 

A  thickness  of  liquid  equal  to  20 
millims.  transmits  all  rays  strongly 
to . 

2735 

5 

Transmits  all  to . 

2556 

1 

Transmits  all  to . 

2518 

No  absorption  band  visible. 

Brucine.  Plate  56,  fig.  5. 

0'1  grm.  in  25  cub.  centims.  of  alcohol  of  sp.  gr.  0-8. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

millims. 

5 

Continuous,  strong  to . 

3246 

4 

Continuous,  strong  to . 

3246 

3 

Continuous,  strong  to . 

3246 

2 

Continuous,  strong  to . 

3246 

1 

Continuous,  strong  to . 

3246 
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0-1  grm.  in  25  cub.  centims.  2  cub.  centims.  diluted  to  8  cub.  centims.  —1  in  1000. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

millims. 

5 

Continuous  to . 

3208 

4 

Continuous  to . 

3171 

3 

Continuous  to . 

3171 

2 

Continuous  to . 

3171 

1 

Continuous  to . 

3171 

Absorption  band  from . 

3171  to  2857 

Rays  transmitted  to . 

2831 '5 

Absorption  band  from . 

2831-5  to  2427-5 

Rays  transmitted  to . 

2418 

2  cub.  centims.  of  the  last  solution  diluted  to  10  cub.  centims.  =1  in  5000. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

millims. 

5 

Continuous  to . 

3171 

Absorption  band  from . 

3171  to  2857 

Rays  transmitted  to . 

2793 

Absorption  band  from  .  • . 

2793  to  2424-3 

Rays  transmitted  to . 

2418 

4 

Continuous,  strong  to  . 

3171 

Feeble  absorption  band . 

3171  to  2869 

Rays  are  transmitted  feebly  all  through 
this  band,  and  extend  stronger 
from  2869  to . 

2740 

Absorption  band  from . 

2740  to  2568 

Rays  transmitted  to . 

2310 

3 

Continuous  to . 

2310 

2 

Continuous  to . 

2836-5 

Weak:  to . 

2310 

Faint  to . 

2259 

1 

Continuous  to . 

2259 

Strychnine.  Plate  56,  fig.  6. 

0'1  grm.  in  25  cub.  centims.  of  alcohol  of  sp.  gr.  0'8. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

millims. 

5 

Continuous,  strong  to . 

2976 

4 

Continuous,  strong  to . 

2976 

3 

Continuous,  strong  to . 

2976 

2 

Continuous,  strong  to . 

2976 

Very  faint  to . 

2946 

1 

Continuous,  strong  to . 

2976 

Weak  to . 

2946 
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0'1  grm.  in  50  cub.  centims.  of  alcohol  of  sp.  gr.  0"8. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

millims. 

5 

Strong,  continuous  to . 

2976-5 

4 

Strong,  continuous  to . 

2976-5 

3 

Strong,  continuous  to . 

2976-5 

2 

Strong,  continuous  to . 

2976-5 

1 

Strong’,  continuous  to . 

2976-5 

Faint,  continuous  to . 

2948 

2  cub.  centims.  of  the  last  solution  diluted  to  10  cub.  centims.  =1  in  2500. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

millims. 

5 

Continuous  to . 

2948 

Weak  lines  at . 

2863 

And  . 

2836-5 

Trace  of  a  line  at . 

2740 

4 

Continuous  to . 

2948 

Faint  to . 

2740 

3 

Continuous  to . 

2948 

Weak  to . 

2740 

Faint  line  at . 

2701 

Absorption  band . 

2740  to  2310 

Rays  transmitted  at . 

2310 

2 

Continuous  to . 

2740 

Absorption  band . 

2740  to  2310 

Rays  transmitted  from . 

2740  to  2701 

Also  from  (very  faint) . 

2352  to  2259 

1 

Continuous  to . 

2740 

Absorption  band . 

2568  to  2427-5 

Rays  transmitted  to . 

2259 

2  cub.  centims.  of  the  last  solution  diluted  to  10  cub.  centims.  —1  in  12,500. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

millims. 

5 

4 

3 

2 

1 

Continuous  to . 

Absorption  band . 

Rays  transmitted  to . 

Two  very  faint  lines  at . | 

Continuous  to . 

Continuous  to . 

Continuous  to . 

Continuous  to . 

2740 

2568  to  2427-5 

2259 

2493-5 

2482-5 

2259 

2259 

2259 

2193 
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Pipeline.  From  T.  and  H.  Smith  and  Co.  Plate  56,  fig.  3. 

O’l  grm.  in  20  cnb.  centims.  of  alcohol  of  sp.  gr.  0'8.  (1  in  200  cub.  centims.) 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

millims. 

5 

Continuous,  fairly  strong  to  ... 

4061 

4 

Continuous,  fairly  strong  to  ... 

4061 

Continuous,  fairly  weak  to  .... 

4028 

3 

Continuous,  strong  to . 

4028 

Continuous,  faint  to . 

4000 

2 

Continuous,  strong  to . 

4000 

1 

Continuous,  strong  to . 

4000 

Continuous,  weak  to . 

3952 

This  solution  was  kept  twelve  months  before  the  next  series  of  photographs  was 
taken. 

The  following  measurements  are  the  more  exact,  though  there  is  but  little  difference 
between  them. 


0'1  grm.  in  20  cub.  centims.  of  alcohol  of  sp.  gr.  0‘8. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

millims. 

5 

Continuous,  strong  to . 

3982 

4 

Continuous,  strong  to . 

3982 

3 

Continuous,  strong  to  ..... 

3982 

Faint,  continuous  to . 

3955 

2 

Continuous,  strong  to . 

3982 

Faint,  continuous  to . 

3955 

1 

Same  as  last. 

2  cub.  centims.  of  the  last  solution  diluted  to  10  cub.  centims.  =1  in  1000. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

millims. 

5 

Continuous,  strong  to . 

3982 

Faint,  continuous  to . 

3917 

4 

Continuous,  strong  to . 

3891 

Faint,  continuous  to . 

3825 

3 

Continuous,  strong  to . 

3891 

Faint,  continuous  to . 

3825 

Faint  line  at . 

3788 

2 

Continuous,  strong  to . 

3891 

Weak,  continuous  to . 

3825 

Weak  line  at . 

3788 

i 

Continuous,  strong  to . 

3825 

Weak  to . 

3742 

Faint  line  at . 

3673 

3  u 


mdccclxxxv. 
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2  cub.  centims.  of  the  last  solution  diluted  to  10  cub.  centims.  =1  in  5000. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

millims. 

5 

Continuous,  strong  to . 

3825 

Weak  to . 

3742 

Weak  line  at . 

3673 

4 

Continuous,  strong  to . 

3825 

Weak,  continuous  to . 

3706 

Faint  to . 

3600 

8 

Continuous  to . 

3600 

Absorption  band  from . 

3600  to  2740 

2 

Continuous  to . 

3600 

Absorption  band  from . 

3600  to  2740 

Rays  transmitted  from . 

3600  to  3456 

Also  from . 

2813  to  2568 

Absorption  band  from . 

2568  to  2310 

With  two  lines  faintly  transmitted  at  | 

2427-5 

2418 

1 

Continuous  spectrum  with  indications 

of  the  absorption  bands  to  .  .  .  . 

2201 

Atropine.  From  T.  and  H.  Smith  and  Co. 

0-l  grin,  in  20  cub.  centims.  of  alcohol  of  sp.  gr.  CPS. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

millims. 

20 

Continuous,  strong  to . 

2707 

5 

Continuous,  strong  to . 

2707 

Very  faint  as  far  as . 

2429 

4 

Continuous,  strong  to . 

2644 

W eak  to . 

2573 

Very  weak  to . 

2429 

3 

Continuous,  strong  to . 

2573 

Rather  weak  to . 

2429 

Very  faint  extension  to . 

2398 

2 

Continuous,  strong  to . 

2398 

Very  faint  to  about . 

2355 

1 

Continuous,  strong  to . 

2398 

Weak  to . 

2355 

Very  faint  to . 

2340 
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Solanine.  From  T.  and  H.  Smith  and  Co. 


0‘1  grin,  in  25  cub.  centims.  of  alcohol  of  sp.  gr.  0’8. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

millims. 

5 

Strong,  continuous  to  ..... 

2570 

Weak  to . 

2265 

4 

Nothing  characteristic . 

o 

O 

Nothing  characteristic . 

2 

Nothing  characteristic . 

1 

Strong,  continuous  to . 

2265 

A  thickness  of  liquid  as  great  as  20  millims.  transmits  all  rays  without  selective 
absorption  as  far  as  249,  a  faint  appearance  of  a  line  at  256  and  at  276  and  at  293 
are  just  sufficiently  visible  to  be  recorded. 


Hyoscyamine.  From  T.  and  H.  Smith  and  Co. 
0'1  grm.  in  20  cub.  centims.  of  alcohol  of  sp.  gr.  0‘8. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

millims. 

5 

Continuous,  strong  to . 

2747 

Continuous,  faint  to . 

2572 

4 

Continuous,  strong-  to . 

2747 

Continuous,  faint  to . 

2572 

Continuous,  very  faint  to . 

Continuous,  fairly  strong  to  ... 

2436 

3 

2613 

Continuous,  weak  to . 

2572 

Continuous,  faint  to . 

2430 

2 

Continuous,  strong  to . 

2572 

Continuous,  weak  to . 

2430 

Continuous,  faint  to . 

2422 

A  thickness  of  20  millims.  absorbs  no  less  refrangible  ray  than  20 6 '6  =  2747.  No 
band  distinctly  visible. 


3  U  2 
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Digitaline.  From  T.  and  H.  Smith  and  Co. 


O'l  grm.  in  25  cub.  centims.  of  alcohol  of  sp.  gr.  0-8. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

millims. 

5 

Continuous,  strong  to . 

3610 

Very  faint  to . 

3465 

Exceedingly  faint  to . 

3033 

4 

Continuous,  strong  to . 

3610 

W  eak  to . 

3465 

Faint  to . 

2572 

3 

Continuous,  strong  to . 

3465 

Weak  to . 

2980 

Faint  to . 

2572 

2 

Continuous,  fairly  strong  to  ... 

2837 

Fairly  strong  to . 

2572 

Faint  to . 

2422 

1 

Continuous,  strong,  but  not  of  normal 

strength  to . 

2545 

Weak  to . 

2313 

Thicker  layers  of  liquid,  namely,  10  millims.,  15  millims.,  and  20  mi llims.,  were 
examined,  but  the  absorption  was  continuous  and  increased  down  to  transmission  of 
rays  at  75. 


Picrotoxine.  From  T.  and  H.  Smith  and  Co. 
O'l  in  20  cub.  centims.  of  alcohol  of  sp.  gr.  0'8. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

millims. 

5 

Continuous,  strong  to . 

2398 

Very  weak  to . 

2261 

4 

The  same  increasing  in  strength. 

3 

The  same. 

2 

Continuous  and  fairly  strong  .... 

2261 

1 

Continuous  and  strong . 

2261 

20 

Continuous,  strong  to . 

2521 

10 

Continuous,  strong  to . 

2500 

W eak  to . 

2418 

This  substance  shows  no  absorption  band. 


t 
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Nicotine.  From  T.  and  H.  Smith  and  Co. 


(P367  in  36 -7  cub.  centims.  of  alcohol  of  sp.  gr.  (F8. 
This  substance  exhibits  no  absorption  band. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

millims. 

20 

Continuous,  strong  to . 

5 

Continuous,  strong  to . 

3132 

W eak  to  .  . 

3008 

4 

Continuous,  strong  to . 

3033 

Continuous,  weak  to . 

2980 

3 

Continuous,  strong  to . 

3033 

Continuous,  weak  to . 

2977 

2 

Continuous,  strong  to . 

2977 

Continuous,  weak  to . 

2947 

Continuous,  very  faint  to . 

Continuous,  strong  to  .  . 

2834 

1 

2875 

Continuous,  weak  to . 

2801 

Caffeine.  From  T.  and  H.  Smith  and  Co. 
OT  in  40  cub.  centims.  of  alcohol  of  sp.  gr.  0'8. 


Thickness  of 
layer  of  liquid. 

Description  of  spectrum. 

Wave-lengths. 

millims. 

5 

1 

Transmits  all  rays  to . 

All  to . 

No  absorption  band  visible. 

2965 

2942 

Having  recently  examined  the  spectra  transmitted  by  pyridine,  piperidine,  quino¬ 
line,  tetrahydroquinoline,  and  the  hydrochlorides  of  these  bases,  it  has  been  found  that 
the  absorption  band  of  pyridine  does  not  appear  in  the  spectrum  transmitted  by 
piperidine,  and  that  quinoline  and  tetra-hydroquinoline  exhibit  selective  absorption 
very  strongly,  the  curves  differing  from  each  other  and  from  those  of  them  hydro¬ 
chlorides.  Observations  made  on  simple  bases  differ  from  those  made  on  substitution 
products  in  this  way  that  the  bases  are  the  more  diactinic,  while  addition  products 
are  more  diactinic  than  the  bases. 


Summary. 


Many  alkaloids  are  capable  of  saponification,  the  products  of  the  reaction  are  a  new 
base  and  an  organic  acid  which  is  frequently  of  the  aromatic  series. 

The  acid  is  not  invariably  of  the  aromatic  series,  otherwise  its  presence  would 
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probably  be  evident  in  the  absorption  spectrum  of  the  alkaloids.  There  are,  however, 
two  conditions  under  which  an  aromatic  derivative  would  certainly  not  affect  the 
spectrum  in  a  characteristic  manner,  and  these  are,  when  the  acid  is  a  hydrogenised 
body  like  hyclrophthalic  acid,  or  when  the  basic  portion  of  the  molecule  has  so  power¬ 
fully  absorbed  the  rays  that  the  band  of  selective  absorption  is  obscured.  The 
spectrum  of  narceine  is  undoubtedly  of  this  character,  and  so  likewise  is  that  of 
oxynarcotine.  In  order  to  comment  upon  the  nature  of  the  various  absorption 
spectra  described,  it  will  be  advantageous  to  refer  briefly  to  what  is  at  present  known 
concerning  the  constitution  of  some  of  the  alkaloids. 

Alkaloids  may  be  divided  into  two  groups :  (a)  those  which  exhibit  spectra  with 
absorption  bands ;  and  (5)  those  which  transmit  continuous  spectra. 


Alkaloids  and  derivatives  exhibiting  spectra  with  absorption  bands. 


Aconitine 

Pseudaconitine 

Japaconitine 

Morphine 

Narcotine 

Codeine 

Thebaine 


Papaverine 

Oxynarcotine 

Apomorphine-hydrochloride 
Tetra-acetyl- morph  ine 
Di-acetyl-codeine 
Quinine 

Qu  inine-sulphate 


Cinchonine-sulphate 

Quinidine-sulphate 

Cinchonidine-sulphate 

Veratrine 

Pipeline 

Brucine 

Strychnine 


Alkaloids  yielding  continuous  spectra. 

Narceine  Solamine  Picrotoxine 

Aconitine  (foreign)  Hyoscyamine  Nicotine 

Cevadine  Digitaline  Caffeine 

Atropine 

The  properties  of  the  aconitines. 

By  saponifying  the  aconitines  with  acids,  alkalies,  or  even  with  water  at  a  high 
temperature  under  pressure,  aconitine,  japaconitine,  and  picraconitine  yield  benzoic 
acid  and  a  new  base,  while  pseudaconitine  furnishes  di-methyl-protocatechuic  acid 

CfiHoi  (^^^-3)2  Jt  Was  thought  probable  that  by  the  action  of  bromine  on  the 

alkaloids  substitution  would  occur  in  the  benzene  nucleus,  and  a  definite  absorption 
of  a  pronounced  character  would  result.  This  was  however  not  the  case,  probably 
because  the  alkaloids  were  altogether  altered,  for  after  treatment  they  exhibited  no 
absorption  bands.  In  comparing  the  diagrams  it  is  interesting  to  note  the  difference 
between  pseudaconitine  and  the  other  aconitine  bases,  it  evidently  possesses  a  nucleus 
with  a  similar  constitution,  but  the  acid  residue  which  is  different  modifies  the  absorp¬ 
tion  curve. 
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It  has  been  shown  by  the  researches  of  Dr.  C.  R.  A.  Wright  that  the  aconitines 
all  yield  apo-derivatives  with  such  facility  that  to  obtain  the  bases  free  therefrom  is 
not  an  easy  matter,  and  further  they  undergo  saponification  by  acids  and  alkalies, 
very  readily  yielding  an  inert  base  in  each  case.  Hence  different  preparations  yield 
different  absorption  curves.  The  aconitine  and  japaconitine  of  Dr.  Wright  have 
practically  the  same  absorption  spectrum  and  yield  similar  curves,  but  that  of 
japaconitine  is  just  what  we  might  expect  from  a  body  with  a  nucleus  of  a  similar 
constitution  but  twice  the  molecular  weight  of  aconitine,  namely,  a  much  greater 
absorptive  power.  It  has  been  shown  that  japaconitine  has  such  a  difference,  for  it  is 
in  fact  a  sesqui  -apo-acon i tin e. * 

The  English  aconitine  of  Messrs.  T.  and  H.  Smith  and  Co.  appears  to  be  a  modified 
form  of  japaconitine,  and  it  is  possible  that  the  modification  of  the  spectrum  curve  is 
in  part  due  to  an  admixture  of  another  body. 

Foreign  aconitine  is  doubtless  an  entirely  different  substance,  since  it  yields  no 
absorption  bands,  and  it  is  known  to  be  comparatively  inactive  physiologically. 

On  two  separate  occasions  it  was  found  necessary  to  estimate  the  strength  of 
solutions  of  aconitine,  and  this  was  in  each  case  successfully  accomplished  by  taking  a 
series  of  photographs  and  constructing  a  curve  therefrom.  That  the  results  so 
obtained  were  correct  was  proved  by  a  discovery  of  some  missing  notes  giving 
particulars  of  the  preparation  of  the  solutions; 


The  constitution  of  the  cinchona  bases. 

The  examination  of  these  bases  was  made  by  me  five  years  ago,  and  although  there 
were  no  means  of  obtaining  accurate  measurements  of  wave-lengths  of  the  absorbed 
rays  at  that  time,  owing  to  the  requisite  data  being  wanting,  yet  some  idea  of  the 
constitution  of  quinine  and  cinchonine  was  derived  from  a  comparison  of  the  absorp¬ 
tion  bands  seen  in  the  spectra  of  the  substances  themselves  and  of  their  derivatives 
and  decomposition  products. 

The  bands  in  the  case  of  quinine  and  cinchonine  extend  into  a  region  of  less 
refrangibility  than  the  absorption  caused  by  pyridine,  at  the  same  time  the  position 
of  the  band  agrees  with  that  of  quinoline. 

In  one  of  a  series  of  papers  contributed  to  the  ‘  Transactions  of  the  Chemical 
Society,’  vol.  xli.,  p.  45  (“  Researches  on  the  Relation  of  the  Molecular  Structure  of 
Carbon  Compounds  to  their  Absorption  Spectra.” — Part  VI.),  I  remarked  that  the 
quinine  spectrum  was  probably  due  to  the  conjugation  of  four  pyridine  or  two 
quinoline  nuclei.  Since  then,  several  researches  on  the  cinchona  alkaloids  have 
extended  our  knowledge,  and  formulae  have  been  proposed  for  quinine  and  for 

*  Vide  the  structural  formulae  in  the  papers  by  Weight  and  Luff,  and  Wright  and  Menke,  J.  Chem. 
Soc.,  vol.  xxxiii.,  p.  173  ;  vol.  xxxv.,  p.  404. 
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cinchonine  by  Wischnegradsky,  Wejdel,  Kgenigs.  and  Skraup,  in  all  of  which  a 
more  or  less  modified  quinoline  nucleus  plays  a  part.  Spectrum  observations  cannot 
at  present  decide  upon  the  respective  merits  of  them  formulae. 


The  constitution  of  the  opium  bases. 


It  is  easy  to  see  that  the  opium  bases,  morphine,  codeine,  and  their  derivatives, 
apomorph  ine-liy  drochloride,  di-acetyl-codeine,  and  tetra-acetyl-morphine,  all  have  a 
similarly  constituted  nucleus.  This  nucleus  is  a  benzene  or  a  pyridene  derivative, 
as  shown  by  the  absorption  band,  extending  from  about  wave-length  3000  to  2600 ; 
the  effect  of  alkyl  and  acetyl  substitutions  upon  the  curve  of  absorption  is  well 
exemplified  by  codeine,  and  the  acetylated  derivatives  of  codeine  and  morphine. 

In  apomorphine-hydrochloride  the  intensity  of  the  general  absorption  is  greatly 
increased,  but  the  position  of  the  band  is  but  little  altered,  as  it  lies  within  wave¬ 
lengths  above  mentioned. 

In  the  greatly  increased  length  of  the  curve  of  thebaine,  we  have  evidence  which  is 
not  in  harmony  with  the  comparatively  simple  formula  CigH31N03.  The  substances 
narceine,  narcotine,  and  oxvnarcotine  are  all  considered  to  be  derivatives  of  hemipinic 
acid  (Wright  and  Beckett,  J.  Chem.  Soc.,  vol.  xxviii.,  p.  629,  and  vol.  xxix.,  p.  461), 
the  relationship  between  the  substances  being  expressed  by  the  following  formulae  : — 


Hemipinic  acid. 

CO. OH 
CO.OH 
O.CHg 
O.CHo 


(W 


Narceine. 

(C13H20NO4) 

j 

CO 

I  r  co.oh 
c6hJ  o.ch, 
L  o.ch3 


Narco  tine. 

(CnHn(CH3)N03) 

CO 

|  (  COH 

C6HJ  O.CHg 
L  O.CHg 


Oxynarcotine. 

(C11Hn(CH3)N03) 

I 

CO 

I  r  co.oh 
c6hJ  o.ch3 

'I  O.CHg 


From  these  expressions  it  may  be  seen  that  the  same  benzenoid  grouping  is  common 
to  all,  and  the  narcotine  and  oxynarcotine  stand  to  each  other  in  the  relationship  of 
aldehyde  and  acid  as  far  as  this  grouping  is  concerned. 

In  attempting  to  trace  a  connexion  between  the  absorption  spectra  and  the  formula? 
given  above,  one  is  met  by  a  difficulty  caused  by  the  large  number  of  oxygen  atoms 
in  the  molecules,  and  particularly  in  those  portions  which  have  hitherto  yielded  no 
clue  to  their  constitution.  The  difficulty  is  due  to  the  fact  that  carboxyl  and  COH 
groups  on  side- chains,  or  as  forming  a  portion  of  the  substituted  benzene  nuclei  exhibit 
great  absorptive  power.  The  occurrence  of  several  oxidised  radicals  may  cause  the 
following  variations  in  spectra  :  (a),  the  absorption  bands  become  so  widened  as  to 
extend  into  the  region  of  rays  affected  by  naphthalene,  quinoline,  and  their  deriva¬ 
tives  ;  (6)  or  the  absorption  is  so  powerful  that  it  extends  to  rays  less  refrangible  than 
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those  in  which  the  band  is  situated,  and  continues  so  far  down  the  curve  that  the 
selective  absorption  is  not  made  manifest.  Narceine  appears  to  be  a  good  example  of 
this ;  its  absorptive  power  is  very  great,  extending  into  the  region  of  such  low 
refrangibility  as  wave-length  3000  when  1  millim.  of  liquid  is  examined  containing 
only  xoVo  °f  substance,  so  that  no  band  is  visible.  In  the  case  of  narcotine  and 
oxynarcotine  it  is  difficult  to  arrive  at  any  conclusion,  but,  from  the  extension  of  their 
absorption  bands,  it  is  probable  that  the  portion  of  the  molecule  which  has  a  constitu¬ 
tion  hitherto  undetermined  is  the  principal  cause  of  the  absorption.  In  the  case  of 
apomorphine  the  loss  of  water  appears  to  cause  two  molecules  of  morphine  to  coalesce, 
the  result  being  that  the  band  does  not  suffer  displacement  to  any  great  extent ;  it 
still  absorbs  rays  of  approximately  the  same  wave-length,  but  the  band  appears  far 
down  the  curve,  or,  in  other  words,  the  intensity  of  the  absorption,  is  increased. 

The  remarks  on  narceine  are  also  applicable  to  papaverine  in  every  particular. 


Cevadine. 

Cevadine  yields  on  saponification  a  new  base,  provisionally  called  cevine  and 
cevadic  or  methyl-crotonic  acid ;  its  formula  therefore  as  shown  by  Wright  and  Luff 
(J.  Chem.  Soc.,  vol.  xxxiii.,  p.  351)  is  the  following  : — 


(Co7H41N06) 


/OH 

\O.CO.C(CH3)=CaH 


4 


Veratrine. 

Veratrine  [(CogH^NOy)  — O.CO.CeH3(O.CH3)3]  when  saponified  decomposes  into  a 
new  base  and  di-methyl-protocatechuic  acid.  Its  curve  greatly  resembles  that  of 
codeine  and  morphine  with  their  derivatives  (ibid.,  p.  355),  and  is  distinctly  different 
m  character  to  that  of  cevadine,  as  the  latter  shows  no  absorption  band.  At  the 
present  time,  however,  no  inference  is  to  be  drawn  from  this,  for  we  have  no  know¬ 
ledge  of  the  constitution  of  the  basic  portion  of  the  molecule  which  is  the  major  part 
in  veratrine. 

Brucine  and  Strychnine. 

The  absorption  curves  of  brucine  and  strychnine  are  interesting,  the  former  being 
essentially  different  from  the  latter,  as  it  extends  into  a  much  less  refrangible  portion 
of  the  spectrum.  It  will  be  observed  that  the  brucine  shows  two  absorption  bands, 
the  second,  however,  is  very  like  that  of  strychnine,  so  much  so  indeed  as  to  cast 
suspicion  upon  the  purity  of  the  specimen  Of  brucine  examined.  This,  however, 
cannot  be  questioned.  (See  pp.  519-520.) 
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The  constitution  of  pipeline. 

According  to  researches  of  A.  W.  Hofmann  (Berl.  Berichte,  vol.  12,  p.  984)  and  of 
Kcenigs  {idem,  p.  2341)  piperine  has  a  constitution  somewhat  similar  to  that  of 
atropine,  that  is  to  say,  it  is  a  derivative  of  a  hyclrogenisecl  pyridine  and  of  piperic 
acid,  which  is  a  benzene  derivative,  thus : — 


Pyridine. 

Piperidine. 

Piperidine  . 

.  C5H10:NH 

N 

H 

Piperic  acid 

•  C12H10O4 

N 

/\ 

Piperine 

•  C17H19N03 

HC  CH 

HoC  CH3 

II  1 

HC  CH 

|  | 

HoC  CHo 

A/ 

“  \A 

C 

C 

H 

Ho 

Piperic  acid  has  the  structure  represented  by  Fittig  in  the  following  manner: — 


XCH=CH-CH=CH-CO.OH 

Unlike  atropine,  piperine  shows  a  very  powerful  absorption  and  a  persistent 
absorption  band  extending  from  wave-length  3600  to  2740. 

The  constitution  of  nicotine. 

According  to  Wischnegradsky  (Ber.  13,  p.  2315,  1880),  nicotine  is  an  alkyl 
derivative  of  a  di-hydro-pyridine  in  which  the  hydrogen  united  to  the  nitrogen  is 

fC  jj 

replaced  by  ethyl,  and  the  second  hydrogen  is  replaced  by  allyl,  thus  : — C5HU  3  3  • 

LNC3H5 

The  spectrum  is  quite  in  accordance  with  such  a  constitution,  as  it  yields  no 

< 

absorption  bands. 

The  constitution  of  atropine. 

The  constitution  of  atropine  is  that  of  tropine  and  tropic  acid,  less  a  molecule  of 
water,  thus  : — 

C5H7(CoH4.OH)N.CH3  Tropine 

CGH5.CHjCH3-OHj  .  Tropic  acid 
6  0  ICO.OH  J  1 

C17H23N03  ....  Atropine 

According  to  Ladenburg  tropine  is  probably  an  ethylene  derivative  and  a  hydro- 
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genised  addition-product  of  methyl-pyridine.  A  pyridine  nucleus  hydrogenised  would 
yield  no  absorption  band  and  would  be  very  di actinic. 

In  tropic  acid  we  have  a  substance  capable  of  manifesting  the  benzene  nucleus 
by  giving  a  banded  spectrum ;  if  however  it  be  modified  by  hyclrogenising,  this  pro¬ 
perty  disappears.  As  atropine  not  only  exhibits  no  absorption  band,  and  is,  moreover, 
a  remarkably  diactinic  substance,  it  is  highly  probable  that  both  the  pyridine  and 
benzene  residues  are  hydrogenised.  (Compare  hyoscyamine  and  piperine.) 

Hyoscyamine  is  isomeric  with  atropine ;  on  treatment  with  baryta  water  it  yields 
tropine  and  tropic  acid.  Like  atropine  it  is  remarkably  diactinic,  layers  of  solutions 
20  millims.  in  thickness,  which  contained  one  part  of  the  substance  in  200  of  alcohol, 
transmitted  all  rays  in  the  case  of  atropine  to  wave-length  2700,  and  of  hyoscya¬ 
mine  to  wave-length  2740, 

Caffeine,  or  methyltheobromine,  C8H10N/AH-HoO,  has  been  shown  to  have  the 
constitution  of  a  tri-methyl-xanthine.  According  to  Emil  Fischer  its  structure  is 
represented  thus  : — 

ch3n-ch 

I  I 

CO  CN.CHo 

I  I  >C0 

ch3n-c=n 

There  are  no  reasons  for  believing  that  such  a  body  would  yield  an  absorption  band, 
indeed  there  is  much  evidence  to  lead  one  to  think  that  it  would  not.  We  may 
therefore  say  that  its  supposed  constitution  is  in  accordance  with  its  absorption 
spectrum. 

py  ridine,  quinoline  and  derivatives. 

The  absorption  band  characteristic  of  pyridine  is  strongest  between  wave-lengths 
2700  and  2300,  with  diminished  intensity  it  extends  from  2570  to  2400.  It  appears 
highly  probable  that  this  substance  enters  into  the  constitution  of  morphia  and  some 
other  of  the  opium  bases. 

As  was  predicted  piperidine  shows  no  absorption  band,  but  still,  like  the  terpenes, 
it  possesses  considerable  absorptive  power,  which  is  exerted  on  the  more  refrangible 
rays,  extending  continuously  to  wave-length  2420. 

The  absorption  spectra  of  two  specimens  of  quinoline  yield  curves  which  are  pre¬ 
cisely  similar.  The  band  of  absorption  is  strongest  between  wave-lengths  3170  and 
2600,  continuing  with  diminished  intensity  it  lies  between  2980  and  2830.  There  is 
in  addition  a  remarkable  narrow  band  of  absorption  which  is  very  well  defined,  it  lies 
between  3085  and  3039,  and  continues  with  but  slightly  diminished  intensity  between 
3078  and  3039. 

Quinoline  hydrochloride  yields  a  spectrum  differing  from  that  of  the  base  inasmuch 
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as  it  exhibits  two  absorption  bands  lying  between  (1)  3320  and  2740,  (2)  2418 
and  2199. 

Tetra-hydro-quinoline  is  a  more  diactinic  substance  than  quinoline,  it  is  charac¬ 
terised  by  two  absorption  bands — (1)  between  3180  and  2750,  and  continuing  to 
2870  ;  (2)  between  2700  and  2300,  extending  further  to  between  2650  and  2370. 

Substances,  such  as  any  of  the  natural  alkaloids,  which  may  be  derived  from 
di-hydroquinoline  or  tetra-hydroquinoline,  by  replacement  of  the  hydrogens  by  other 
elements  or  radicals  in  such  a  manner  as  to  have  the  nucleus  of  the  compound 
unchanged,  must  be  expected  to  exhibit  absorption  bands. 

Strychnine. — Strychnine  appears  to  be  a  derivative  of  pyridine. 

Brucine. — The  substance  brucine  is  most  probably  a  derivative  of  tetra-hydro¬ 
quinoline,  or  an  addition  product  of  quinoline  of  the  same  character,  since  there 
is  a  remarkable  similarity  between  the  curves  of  the  two  substances. 

I  cannot  close  this  paper  without  acknowledging  indebtedness  to  the  great  skill 
and  care  that  my  assistant  Mr.  W.  R.  Barnett  has  bestowed  on  these  later  obser¬ 
vations. 

Conclusions. 

The  conclusions  to  be  drawn  from  this  investigation  are  the  following  : — 

1.  The  absorption  spectra  oiler  a  ready  and  valuable  means  of  ascertaining  the 
purity  of  preparations  of  the  alkaloids  and  particularly  of  establishing  their  identity. 
The  quantity  of  some  of  the  alkaloids  present  in  a  solution  may  be  estimated  by 
means  of  the  absorption  curves.  The  difference  in  character  of  the  various  specimens 
known  as  aconitines  may  be  recognised;  thus  the  comparatively  harmless  base  known 
as  foreign  aconitine  may  be  distinguished  from  those  of  great  physiological  activity 
by  its  transmission  of  a  continuous  spectrum,  while  the  three  active  specimens  of 
aconitine  are  distinguished  from  one  another  by  their  characteristic  absorption  curves. 

That  each  of  the  three  active  aconitine  bases  are  substances  with  a  different  consti¬ 
tution  is  a  conclusion  confirmed  by  optical  examination. 

The  purity  of  quinine  and  absence  of  any  admixture  of  cinchonine  can  be  readily 
determined,  by  reason  of  the  latter  substance  being  much  less  diactinic  than  the 
former,  but  for  the  same  reason  quinine  cannot  be  directly  estimated  in  a  mixture  of 
the  two  bodies. 

Drugs  of  such  potency  as  aconitine,  morphine,  quinine,  strychnine,  &c.,  which 
ought  to  be  prescribed  only  when  of  absolute  purity,  should  be  submitted  to 
spectroscopic  examination,  so  that  their  exact  nature  and  degree  of  purity  may  be 
guaranteed. 

2.  In  comparing  the  spectra  of  substances  of  similar  constitution  it  is  observed 
that  such  as  are  derived  from  bases  by  the  substitution  of  an  alkyl  radical  for 
hydrogen,  or  of  an  acid  radical  for  hydroxyl,  the  curve  is  not  altered  in  character, 
but  may  vary  in  length  when  equal  weights  are  examined. 
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This  is  explained  by  the  absorption  bands  being  caused  by  the  compactness  of 
structure  of  the  nucleus  of  the  molecule,  and  that  equal  weights  are  not  molecular 
weights,  so  that  by  substituting  the  hydrogens  of  the  nucleus  by  radicals  which 
exert  no  selective  absorption,  the  result  is  a  reduction  in  the  absorptive  power  of  a 
given  weight  of  the  substance.  Examples  are  afforded  by  morphine  and  codeine 
(methyl-morphine),  diacetyl-codeine  and  tetra-acetyl  morphine. 

3.  Bases  which  contain  oxyclised  radicals,  as  hydroxyl,  methoxyl,  and  carboxyl, 
increase  in  absorptive  power  in  proportion  to  the  amount  of  oxygen  they  contain. 
This  is  exemplified  by  papaverine,  narceine,  narcotine,  and  oxynarcotine.  The  apo- 
derivatives  are  less  diactinic  than  the  parent  bases.  Examples  are  apo-morphine 
and  pseudaconitine. 
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[Plates  57-68.] 

§  1.  The  experiments  to  be  described  in  this  paper  deal  with  a  number  of  parts  of  one 
general  subject — the  magnetisation  of  iron  and  steel.  They  relate  to — 

(1.)  The  magnetic  susceptibility  of  iron  and  steel ;  the  form  of  the  curve  of  magne¬ 
tisation  and  magnetising  force ;  and  the  changes  of  magnetism  caused  by 
gradual  reversal  and  other  cyclic  changes  of  magnetising  force. 

(2.)  The  influence  of  vibration  on  magnetic  susceptibility  and  retentiveness. 

(3.)  The  influence  of  permanent  strain  on  magnetic  susceptibility  and  retentiveness. 
(4.)  The  energy  expended  in  producing  cyclic  changes  of  magnetisation. 

(5.)  The  ratio  of  residual  to  induced  magnetism. 

(6.)  The  changes  of  induced  and  residual  magnetism  caused  by  changes  of  stress. 
(7.)  The  effects  of  constant  stress  on  magnetic  susceptibility  and  retentiveness. 

(8.)  The  changes  of  magnetism  caused  by  changes  of  temperature. 

(9.)  The  effects  of  temperature  on  magnetic  susceptibility. 

In  connexion  with  the  above,  experiments  of  a  closely  related  character  have  been 
made  on  the  following  additional  subjects,  but  an  account  of  them  will  be  reserved  for 
another  paper : — 

(10.)  The  changes  of  thermoelectric  quality  caused  by  changes  of  stress. 

(11.)  The  changes  of  thermoelectric  quality  caused  by  magnetisation.* 

*  The  following  previous  publications  may  be  referred  to  as  preliminary  notices  of  some  of  the 
results : — 

(1.)  “  Effects  of  Stress  on  the  Thermoelectric  Quality  of  Metals  ”  (Abstract),  Proc.  Roy.  Soc.,  No.  214, 

1881,  p.  399. 

(2.)  “  On  Effects  of  Retentiveness  in  the  Magnetisation  of  Iron  and  Steel,”  Proc.  Roy.  Soc.,  No.  220, 

1882,  p.  39. 

(3.)  “On  the  Magnetic  Susceptibility  and  Retentiveness  of  Iron  and  Steel,”  Brit.  Ass.  Rep.,  1883,  and 
Phil.  Mag.,  Nov.,  1883.  And  an  intimately  related  investigation  is  described  in  a  paper  “  On  the  Produc¬ 
tion  of  Transient  Electric  Currents  in  Iron  and  Steel  Conductors  by  Twisting  them  when  Magnetised,  or 
by  Magnetising  them  when  Twisted,”  Proc.  Rov.  Soc.,  No.  228,  1883,  p.  117. 
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The  effect  of  stress  on  thermoelectric  quality  was  the  first  of  these  subjects  to 
engage  my  attention.*  In  testing  the  changes  of  thermoelectric  quality  which  a 
stretched  iron  wire  underwent  when  successively  loaded  and  unloaded  so  as  to  suffer 
alternate  application  and  removal  of  tensile  stress,  I  found  that  during  increment  and 
decrement  of  the  load  equal  values  of  load  were  associated  with  widely  different  values 
of  thermoelectric  quality ;  t  the  difference  being  mainly  of  this  character,  that  the 
changes  of  thermoelectric  quality  lagged  behind  the  changes  of  stress.  This  lagging 
is,  however,  a  static  phenomenon,  for  it  is  sensibly  unaffected  by  the  speed  at  which  the 
load  is  changed  ;  and  again,  when  any  state  of  load  is  maintained  constant  the  thermo¬ 
electric  quality  does  not  change  with  lapse  of  time.  I  then  proceeded  to  search  for 
other  instances  of  the  same  kind  of  lagging,  in  other  physical  effects  of  stress,  and  also 
in  effects  caused  by  the  change  of  other  physical  conditions  besides  stress.  Magnetic 
phenomena  present  many  instances  of  a  similar  action — some  of  which  will  be  described 
below.  Thus,  when  a  magnetised  piece  of  iron  is  alternately  subjected  to  pull  and 
relaxation  of  pull  sufficiently  often  to  make  the  magnetic  changes  cyclic,  these  lag 
behind  the  changes  of  stress  in  much  the  same  way  as  the  changes  of  thermoelectric 
quality  do.  And  more  generally,  if  a  piece  of  iron,  whether  magnetised  or  not,  be 
subjected  to  cyclic  stress  variations,  it  can  be  shown  that  certain  of  its  physical 
qualities,  while  varying  cyclically  in  consequence  of  the  changes  of  stress,  exhibit  this 
same  lagging.  I  found  it  convenient  to  have  a  name  for  this  peculiar  action,  and 
accordingly  called  it  Hysteresis  (from  vcrrepeoj,  to  lag  behind). |  Thus,  when  there  are 
two  qualities  M  and  N  such  that  cyclic  variations  of  N  cause  cyclic  variations  of  M, 
then  if  the  changes  of  M  lag  behind  those  of  N,  we  may  say  that  there  is  hysteresis 
in  the  relation  of  M  to  N.  The  value  of  M  at  any  point  of  the  operation  depends 
not  only  on  the  actual  value  of  N,  but  on  all  the  preceding  changes  (and  particularly 
on  the  immediately  preceding  changes)  of  N,  and  by  properly  manipulating  those 
changes,  any  value  of  M  within  more  or  less  wide  limits  may  be  found  associated  with 
a  given  value  of  N. 

§  2.  The  effects  of  stress  on  magnetism  and  on  thermoelectric  quality  will  be 
recurred  to  at  length  further  on.  Meanwhile  I  shall  describe  experiments  which  were 
begun  with  the  view  of  searching  for  hysteresis  in  the  relation  of  magnetisation  to 
magnetising  force,  without  reference  to  stress.§  The  presence  of  this  peculiar  action 
in  the  several  parts  of  these  researches  forms  a  connecting  link  between  them,  but 
other  lines  of  inquiry  which  suggested  themselves  in  the  progress  of  the  experiments 
have  also  been  followed  up  at  considerable  length. 

*  1  Proceedings  of  the  Royal  Society,’  No.  214,  1881,  p.  399. 

t  This  observation  had,  I  afterwards  learnt,  been  previously  made  by  E.  Cohn  (Wied.  Ann.,  ^  I., 
p.  385). 

X  ‘  Proceedings  of  the  Royal  Society,’  No.  216,  1881,  p.  22,  and  No.  228,  1883,  p.  123. 

§  The  results  to  be  described  below  were  all  obtained  before  I  became  acquainted  with  the  recent  work 
of  Warburg  on  the  same  subject  (Wied.  Ann.,  XIII.,  p.  141),  or  with  the  less  closely  related  observa¬ 
tions  of  Frojime  and  Auerbach,  to  which  fuller  reference  will  be  made  later  (§  32  below). 
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The  fact  that  iron  possesses  retentiveness,  or,  in  other  words,  that  it  remains 
magnetic  after  a  magnetising  force  has  been  applied  and  removed,  is  of  itself  sufficient 
proof  that  there  must  be  hysteresis  in  the  relation  of  magnetism  to  magnetising  force, 
when  the  changes  of  the  latter  are  such  that  forces  of  opposite  signs  are  alternately 
applied.  But  it  does  not  follow  that  hysteresis  is  necessarily  present  when  the  changes 
of  magnetising  force  are  restricted  to  one  direction  and  to  one  sign.  The  case  may  be 
supposed  similar  to  that  of  a  strained  solid.  When  a  stress  along  any  axis  is  alter¬ 
nately  applied  and  reversed,  we  know  that  (provided  the  resulting  strain  exceeds  the 
body’s  limit  of  elasticity)  there  is  hysteresis,  of  a  simple  and  obvious  character,  in  the 
relation  of  strain  to  stress.  But  if,  instead  of  being  reversed,  the  stress  is  merely 
applied  and  removed  periodically,  the  greater  part,  if  not  the  whole  of  the  resulting 
change  of  strain  (after  the  first  application)  is  purely  elastic,  and  we  have  no  ground 
for  asserting  that  there  will  then  be  hysteresis  in  the  relation  of  strain  to  stress.  In 
fact,  if  the  process  of  magnetisation  is  strictly  analogous  to  the  straining  of  a  solid 
whose  limits  of  elasticity  are  exceeded  by  the  strain,  we  should  expect  to  find  little 
or  no  hysteresis  in  the  changes  of  magnetism  which  occur  when  after  applying  a 
magnetising  force  we  (wholly  or  partially)  remove  and  reapply  it. 

§  3.  The  point  under  consideration  has  an  important  bearing  on  the  theory  of 
Weber,  which  endeavours  to  explain  the  process  of  magnetic  induction  by  supposing 
that  the  molecules  of  iron  and  other  paramagnetic  substances  are  always  magnets, 
whose  axes  point  indifferently  in  all  directions,  until,  in  consequence  of  applied  mag¬ 
netising  force,  they  are  turned  more  or  less  towards  the  direction  in  which  the  force 
acts.  Weber  supposes  that  each  magnetic  molecule,  when  deflected  from  its  initial 
position,  tends  to  return  to  that  position  with  a  force  which  is  the  same  as  that  which 
a  magnetising  force  D,  acting  in  the  initial  direction  of  its  axis,  would  produce.  If 
then  deflection  of  the  molecule  be  produced  by  the  action  of  an  applied  magnetising 
force  X,  the  direction  which  the  molecule  takes  up  while  the  force  is  at  work  is  such 
that  its  magnetic  axis  points  along  the  resultant  of  X  and  D.  The  force  X  exerts  on 
it  (per  unit  of  its  magnetic  moment)  a  couple  X  sin  6,  where  6  is  the  angle  made  by 
its  axis,  in  its  deflected  position,  with  the  direction  along  which  X  acts.  And  the 
assumed  restoring  force  D  exerts  a  couple  Dsin/3,  where  /3  is  the  angle  through 
which  the  molecule  has  been  revolved.  The  molecule  remains  in  equilibrium  under 
these,  and  only  these,  forces,  and  when  the  magnetising  force  X  ceases  to  act,  it 
returns  to  its  initial  position  through  the  action  of  D.  Thus,  the  theory,  in  this 
form,  takes  no  account  of  residual  magnetism,  and  fails  to  explain  retentiveness. 

To  remedy  this  defect,  Clerk  Maxwell  (‘  Electricity,’  ii. ,  Part  3,  chap,  vi.)  has 
suggested  a  further  assumption,  based  on  the  analogy  of  magnetism  to  mechanical 
strain.  He  supposes  that  when  a  molecule  is  deflected  by  a  magnetising  force  X,  it 
returns  to  its  primitive  position  on  the  removal  of  X,  provided  the  angle  of  deflection  /3 
has  been  less  than  a  certain  limit  /30 ;  but  if  the  deflection  has  exceeded  /3(J,  then  when 
X  is  removed  the  molecule  does  not  completely  return,  but  remains  deflected  through 
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an  angle  /3—/30,  which  he  calls  the  “  permanent  set  ”  of  the  molecule.  Maxwell  has 
developed  the  consequences  of  this  supposition  at  length,  but  into  these  it  is  not 
at  present  necessary  to  follow  him,  further  than  to  point  out  that  (following  up  the 
analogy  to  a  strained  solid  whose  elasticity  is  perfect  up  to  a  certain  limit,  and  which, 
when  strained  beyond  that  limit,  acquires  a  new  limit  of  elasticity  at  or  near  to  the 
greatest  value  of  the  previously  applied  stress)  we  should  expect  to  find,  after  the 
application  of  any  force  X,  a  purely  elastic  series  of  magnetic  changes  when  we 
subsequently  remove  and  reapply  X.  The  movements  of  each  molecule  would  then 
lie  between  the  angle  of  previous  permanent  set  /3—/30  and  the  angle  /3,  and  between 
those  limits  we  should  find  each  molecule  taking  up  one  and  the  same  direction  for 
each  value  of  X,  whether  that  was  reached  by  increment  from  a  lower,  or  decrement 
from  a  higher  value.  In  other  words,  tins  modified  theory  leads  us  to  expect  no 
hysteresis  in  the  relation  of  magnetic  intensity  to  magnetising  force  when,  after  its 
first  application,  a  magnetising  force  is  subsequently  removed  and  reapplied. 

§  4.  To  test  this  point,  I  have  examined  experimentally  the  cyclic  changes  of 
magnetisation  which  accompany  cyclic  changes  of  magnetising  force,  both  when  the 
force  is  confined  to  one  direction,  and  also  when  its  sign  is  reversed.  The  results  do 
not  support  Maxwell’s  extension  of  Weber’s  theory,  for  they  show  that  all  changes 
of  magnetism  caused  by  changes  of  magnetising  force  exhibit  that  lagging  action 
which  I  have  called  hysteresis.  The  word  “  retentiveness,”  commonly  restricted  to 
name  that  property  in  virtue  of  which  the  magnetic  metals  retain  a  portion  of  their 
magnetism  when  the  magnetising  force  is  removed,  might  with  propriety  be  extended 
so  as  to  designate  the  resistance  to  any  change  of  magnetic  state  (whether  increase  or 
decrease)  which  they  exhibit  whenever  the  magnetic  field  in  which  they  are  placed 
suffers  any  change.  The  existence  of  residual  magnetism  when  the  field  is  reduced 
to  zero  is,  in  fact,  only  one  case  of  an  action  which  occurs  whenever  the  field  is  varied 
in  any  way,  namely,  a  tendency  to  persistence  of  previous  magnetic  state.  And  my 

experiments  show  that  when  the  magnetism  of  iron  is  altered  by  varying,  not  the 

field,  but  the  state  of  stress  of  the  metal,  the  same  tendency  again  manifests  itself. 
The  word  retentiveness  might  be  extended  so  far  as  to  cover  this  case  of  lagging  also ; 
and  if  hysteresis  were  found  only  in  these  and  similar  magnetic  phenomena,  there 
would  be  no  need  to  invent  a  name  for  it.  But,  as  will  be  shown  later,  there  are 

cases  of  hysteresis  which  have,  as  far  as  can  be  seen,  nothing  to  do  with  magnetic 

condition,  and  which  the  quality  of  magnetic  retentiveness,  even  if  understood  in  the 
widest  possible  sense,  cannot  account  for.  I  have  therefore  found  it  convenient  and 
even  necessary  to  employ  a  new  term,  which  merely  designates  this  peculiar  action 
without  implying  any  theory  as  to  its  cause. 

§  5.  As  regards  the  hysteresis  which  occurs  when  the  magnetism  of  soft  iron  is 
changed,  my  experiments  confirm  the  idea  already  suggested  by  other  observers,  that 
when  the  molecular  magnets  of  Weber  are  rotated  they  suffer,  not  first  an  elastic 
and  then  a  partially  non-elastic  deflection  as  Maxwell  has  assumed,  but  a  kind  of 
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frictional  retardation  (resembling  the  friction  of  solids),  which  must  be  overcome  by 
the  magnetising-  force  before  deflection  begins  at  all.  Again,  as  the  magnetising  force 
begins  to  be  withdrawn,  this  friction  must  be  overcome  by  the  quasi-elastic  restoring 
force  before  each  molecule  can  begin  to  return  towards  its  primitive  position  ;  and 
the  molecule  finally  takes  up  a  position  determined  by  the  equilibrium  of  the 
restoring  force  and  the  frictional  resistance  to  further  return.  It  seems  even  possible 
that  the  residual  magnetism  which  is  found  in  soft  iron  when  an  applied  magnetising 
force  is  completely  removed,  may  be  due  entirely  to  this  frictional  sticking  of  the 
molecules.  Hard  iron  and  steel,  on  the  other  hand,  in  which  the  residual  magnetism 
is  more  permanent,  behave  in  a  way  which  suggests  the  combination  of  this  frictional 
sticking  with  something  else  of  the  nature  of  Maxwell’s  permanent  set. 

The  frictional  resistance  must  resemble  the  friction  of  solids,  not  the  viscosity  of 
liquids,  since  it  appears  to  be  independent  of  the  speed  at  which  the  changes  of 
magnetic  condition  occur ;  and  since  the  magnetisation  which  any  field  produces  is 
reached  almost  at  once  on  the  application  of  the  field,  and,  so  long  as  the  field  is  kept 
constant,  suffers  little  or  no  change  with  lapse  of  time. 

§  6.  The  following  notation,  adopted  from  Maxwell,  will  be  used  throughout  this 
paper  : — 


tip  is  the  magnetising  force. 


23  is  the  magnetic  induction  within  the  metal.  It  is  the  number  of  “lines  of 
force  ”  per  square  centimetre  which  would  be  found  if  we  were  to  cut  an 
indefinitely  narrow  crevasse  perpendicular  to  the  direction  of  magnetisation. 

3  is  the  intensity  of  magnetism,  or  the  magnetic  moment  of  the  metal  per  cubic 
centimetre. 


is  the  coefficient  of  induced  magnetisation. 


23 


p-,  is  the  magnetic  permeability,  or  magnetic  inductive  capacity. 

53  —  4  7r2>  +  «§ 
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The  values  of  23,  and  3  will  be  given  in  c.g.s.  units. 

In  representing  graphically  the  results  of  experiments,  I  have  generally  plotted 
either  ©  or  3  in  terms  of  This  is  the  most  direct  and,  for  most  purposes,  the 
most  useful  mode  of  representation.  Another  plan,  used  with  good  effect  by 
Rowland,  is  to  plot  either  k  or  p  in  terms  of  3  or  23,  and  this  has  been  adopted 
in  a  few  instances. 

§  7.  When  a  bar  of  finite  length  is  magnetised  by  the  action  of  an  electric  current 
in  a  surrounding  solenoid,  the  magnetising  field  is  due  partly  to  the  solenoid  and 
partly  to  the  ends  of  the  magnet  itself.  During  magnetisation  the  field  due  to  the 
ends  of  the  magnet  opposes  the  action  of  the  solenoid  and  reduces  the  resultant  field, 
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by  amounts  which  vary  from  point  to  point  along  the  axis  of  the  bar,  while  after  the 
magnetising  current  is  reduced  to  zero  there  remains  a  demagnetising  field,  also 
unequal  along  the  bar,  due  to  the  magnet  itself.  The  magnetism  which  remains  is 
therefore  only  that  part  of  the  true  residual  magnetism  which  is  not  removed  by  this 
self- demagnetising  force :  by  “  true  residual  magnetism  ’  is  meant  the  magnetism 
which  would  be  found  if  after  being  magnetised  the  metal  were  left  entirely  free 
from  all  magnetising  force.  The  influence  of  the  ends  has  been  recognised  by  many 
writers.  To  secure  uniform  magnetisation  Yon  Quintus  Icilius  experimented  with 
ellipsoids  of  revolution  in  place  of  cylindrical  bars.  Stoletow*  and  Rdwland,!  by 
using  endless  magnets,  have  given  their  determinations  of  magnetic  susceptibility  and 
the  maximum  of  magnetisation  a  value  incomparably  greater  than  that  possessed  by 
previous  observations  made  on  short  bars.  It  is  clear  that  the  question  which  my 
experiments  were,  in  the  first  instance,  specially  directed  to  examine,  namely,  whether 
hysteresis  occurs  in  the  relation  of  magnetism  to  field  when  the  field  is  varied  ivithout 
change  of  sign  (§  2),  could  not  be  answered  by  any  experiments  with  short  bars,  since 
in  these  the  ends  produce  a  magnetising  force  of  reversed  sign  when  the  external  force 
due  to  the  solenoid  is  withdrawn.  To  answer  this  question  we  must  use  methods  of 
experiment  of  the  same  rigorous  character  as  are  necessary  in  examining  magnetic 
permeability  or  the  coefficient  of  induced  magnetisation. 

To  eliminate  the  action  of  the  ends,  and  so  secure  the  conditions  suitable  for  exact 
experiment  in  the  relation  of  ^  to  3,  Stoletow  (on  the  suggestion  of  Kirchoff)  and 
Howland,  used  magnets  whose  form  was  that  of  a  closed  ring,  and  Rowland  also 
used  rods  so  long  that  the  influence  of  the  ends  became  negligible.  With  closed 
rings,  as  he  has  remarked,  we  can  do  no  more  than  observe  sudden  changes  in 
magnetism  by  using  an  induction  coil,  wound  on  the  ring,  in  circuit  with  a  ballistic 
galvanometer.  With  rods,  on  the  other  hand,  we  can  examine  the  actual  magnetic 
state  at  any  instant,  either  ballistically,  by  drawing  off  a  short  induction  coil  from  the 
middle  portion  of  the  length,  or  by  direct  magnetometric  measurement.  My  own  obser¬ 
vations  show  that  it  is  only  when  the  length  of  the  rod  (if  of  iron)  is  about  300  or  400 
times  its  diameter  that  the  effect  of  length  becomes  insensible.  The  principal  draw¬ 
back  to  the  use  of  very  long  rods  is  the  difficulty  of  forming  them  (when  the  section 
is  at  all  considerable)  so  as  to  be  of  sufficient  length  and  at  the  same  time  homogeneous 
and  uniform  in  section.  By  using  a  ballistic  galvanometer  whose  needle,  although 
sufficiently  heavy  to  act  ballistically,  was  comparatively  light,  I  have  been  able  to 
obtain  good  results  with  rods  of  very  small  section — wires  in  fact — which  by  the 
operation  of  drawing  are  scarcely  less  uniform  in  section  than  turned  rods,  and  are  in 

*  Phil.  Mag.,  xlv.  (1873),  p.  40. 

t  Phil.  Mag.,  xlvi.  (1873),  p.  140,  and  xlviii.  (1874),  p.  321.  An  admirable  summary  of  the  work  of 
Stoletow  and  Rowland,  as  well  as  the  earlier  researches  of  Wiedemann,  Von  Quintus  Icilius,  Thalen, 
and  others,  and  the  later  contributions  of  many  other  observers,  has  been  lately  published  by  Professor 
Chrystal  in  the  article  “  Magnetism,”  Enc.  Brit.,  ninth  edition,  vol.  xv. 
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general  much  more  homogeneous.  Their  small  diameter  also  permits  a  solenoid  of 
many  turns  to  be  wound  on  them  without  introducing  much  resistance,  so  that  a 
strong  magnetising  force  is  obtainable  without  difficulty.  With  the  single  exception 
of  an  observation  of  cast-iron  (§24  below),  all  the  experiments  to  be  described  were 
made  with  wires.  In  some  cases  the  wire  has  been  bent  into  a  ring  and  welded  to 
form  an  endless  magnet,  but  generally  I  have  used  long  straight  wires,  which,  as 
regards  convenience  of  winding  and  other  particulars,  have  many  practical  advantages 
over  rings.  A  good  form  of  magnet,  especially  appropriate  in  the  examination  of 
cast-iron  and  cobalt  (where  very  long  rods  are  impracticable),  would  be  a  nearly 
closed  ring,  with  an  opening  between  the  ends  just  wide  enough  to  allow  a  short 
induction  coil  to  be  slipped  off.  So  far  as  the  magnetisation  of  the  middle  portion 
was  concerned,  this  would  be  nearly  equivalent  to  a  closed  ring,  while  it  would  enable 
the  actual  magnetic  state,  and  not  sudden  changes  merely,  to  be  measured. 

§  8.  Ballistic  Method  of  Experiment. — In  the  ballistic  method  the  changes  produced 
by  sudden  changes  of  <£)  were  determined  by  the  throw  of  the  needle  of  a  galvano¬ 
meter  in  circuit  with  an  induction  coil  which  was  wound  over  the  middle  part  of  the 
rod,  or  over  the  whole  or  any  convenient  part  of  the  ring.  The  galvanometer  was  a 
short  coil  Thomson’s,  made  for  lecture  purposes,  and  consequently  with  an  unusually 
heavy  mirror.  Its  period  was  moderately  long,  and  the  retardation,  although  sufficient 
to  bring  the  needle  to  rest  without  special  appliances,  in  the  interval  between 
observations,  was  not  so  great  as  to  unfit  it  for  ballistic  use.  To  test  its  accuracy  in 
this  kind  of  work  a  preliminary  experiment  was  made,  in  which  a  wire  in  circuit  with 
the  galvanometer  was  wound  into  a  coil  of  ten  turns,  which  was  slipped  over  the 
end  of  a  long  permanent  bar-magnet.  Headings  were  taken  of  the  throws  given  when 
this  coil  was  suddenly  drawn  off  the  bar,  and  again,  at  each  stage,  while  the  number 
of  turns  in  the  coil  was  progressively  reduced  to  one.  The  throws  were  found  to  be 
proportional  to  the  number  of  turns,  to  a  degree  of  accuracy  as  great  as  was 
attainable  in  the  actual  observations,  and  throughout  the  whole  range  of  the  scale. 

To  reduce  the  ballistic  readings  to  absolute  measure,  I  adopted  the  method  used  by 
Rowland.'"'  A  coil  of  ten  turns  of  thick  wire,  which  will  be  called  the  earth -coil, 
having  a  total  area  of  10X1216  square  centimetres,  was  wound  on  a  light  rectangular 
wooden  frame,  and  was  kept  always  in  circuit  with  the  ballistic  galvanometer  and 
the  induction  coil.  It  was  laid  flat  on  a  horizontal  table,  and  at  the  end  of  each 
experiment  it  was  quickly  turned  over,  thereby  cutting  twice  the  vertical  component 
of  the  earth’s  magnetic  force,  and  the  throw  of  the  galvanometer  was  observed.  This 
“  earth-coil  reading”  was  the  throw  corresponding  to  2x  12160 X  0'34  lines  of  induc¬ 
tion,  0’34  being  the  assumed  local  valuef  of  the  vertical  component  of  the  earth’s 
force. 

§  9.  Magnetising  force  was  given  by  the  current  from  a  battery  of  gravity  Daniell 

*  Loc.  cit.,  p.  148. 

f  tn  the  Physical  Laboratory  of  the  University  of  Tokio,  Japan,  where  the  experiments  were  made. 
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cells,  through  a  solenoid  of  moderately  fine  wire  wound  closely  round  the  rod  or  ring. 
Even  when  the  solenoid  consisted  of  more  than  one  layer,  as  it  frequently  did,  the 
correction  for  the  air  space  in  evaluating  33  was  negligible,  unless  was  unusually 
high.  The  force  was  varied,  in  the  ballistic  observations,  by  having  in  circuit  with 
the  magnetising  solenoid  a  set  of  resistance  coils  which  could  be  plugged  up  or 
inserted  step  by  step  so  as  to  give  a  series  of  sudden  increments  or  decrements  in  the 
value  of  <§.  The  magnetising  current  was  measured  by  another  mirror  galvanometer, 
very  strongly  shunted,  and  its  value  in  absolute  measure  was  determined  by  seeing 
what  deflection  a  given  number  of  gravity  cells  in  good  condition  gave  through  a 
given  total  resistance.  In  reducing  the  observations  I  have  assumed  that  a  gravity 
Daniell  cell  in  good  condition,  when  put  in  circuit  with  a  total  resistance  of  n 

British  Association  units  gives  a  current  of  —  amperes.  This  agrees  well  with 

Dr.  C.  R.  A.  Weight’s  recent  determination;'"  and  an  experiment  of  my  own,  in 
which  the  current  from  one  cell,  was  adjusted  by  a  variable  resistance  until  it  just 
sufficed  to  neutralise,  in  a  vertical  solenoid,  the  vertical  component  of  the  earth’s 
force,  gave  a  closely  accordant  value. 

To  have  aimed  at  any  very  high  degree  of  exactness  in  the  reduction  of  magnetisa¬ 
tion  and  magnetising  force  to  absolute  measure  would  have  been  a  waste  of  time. 
The  magnetic  differences  between  different  specimens  of  iron  are  so  great  that  no 
useful  purpose  is  served  in  determining  absolutely  the  magnetic  quality  of  any  one 
specimen  with  extreme  precision.  On  the  other  hand,  even  a  somewhat  rough 
reduction  to  absolute  measure  is  so  exceedingly  serviceable  in  making  results  intelli¬ 
gible  and  definite  in  themselves,  as  well  as  capable  of  comparison  with  the  work  of 
other  observers,  as  to  justify  fully  the  very  considerable  amount  of  arithmetical 
labour  it  involves.  In  dealing  with  measurements  in  which  comparison  of  results 
was  to  be  made,  as,  for  instance,  in  the  magnetisation  of  the  same  piece  in  different 
states  of  stress,  I  have  been  careful  to  make  the  reduced  values  accurately  comparable 
with  each  other. 

§  10.  Magnetisation  of  an  Iron  Ring. — In  the  following  experiment  a  welded  ring 
of  moderately  soft  iron  wire  was  subjected  to  a  magnetising  force,  which  was  applied 
by  a  series  of  sudden  steps  up  to  9  ‘14  c.g.s.  units,  then  reduced  by  steps  to  0,  and 
then  reapplied,  also  by  steps — with  the  view  of  testing  the  question  raised  in  §  2, 
as  to  whether  hysteresis  occurs  in  the  relation  of  33  to  <§  during  the  removal  and 
reapplication  of  magnetising  force,  In  this,  the  first  example  to  be  quoted,  it  may  he 
well  to  give  the  numerical  data  and  to  exhibit  the  reduction  in  full :  in  subsequent 
examples  a  graphic  representation  of  the  reduced  results,  with  occasionally  a  numerical 
statement  of  them,  will  suffice . 


*  Phil.  Mag.  xiii.  (1882),  p.  265. 


RESEARCHES  IN  MAGNETISM. 


531 


Diameter  of  wire . 

Mean  circumference  of  ring . 

Number  of  turns  in  magnetising  coil  . 

Number  of  turns  in  induction  coil . 

Deflection  of  battery  galvanometer  with  3  cells 

and  6 '85  ohms  total  resistance . 

Earth-coil  reading . 

Area  of  earth-coil . 

Number  of  turns  in  earth- coil . 

Earth’s  vertical  force . 


0"248  centim. 

3D  4  centims. 

474 

167 

362 

42-9 

1216  sq.  centims. 
10 
0-34 


Hence  magnetising  force  for  one  scale  division  of  the  battery  galvanometer 

47r  x  3  x  11  x  108  x  474 

— - — (00969^ 

6-85  xl09x  362  x  31-4 


And  value  of  ©  for  one  scale  division  of  the  ballistic  galvanometer 

1216x10x2x0-34 


167  x  42-9  x 


tt(0-248)2 


=  23-89. 


In  the  following  table  the  actual  readings  are  given,  and  also  the  values  of  «§,  23,  3 
and  k  calculated  from  them.  The  ballistic  readings  at  the  beginning  of  the  magnetis¬ 
ation  are  too  small  to  allow  k  to  be  determined  for  the  early  points  with  any 
approach  to  accuracy,  and  its  early  values  are  therefore  omitted.  It  has  been 
assumed  that  the  ring  was  initially  free  from  magnetism,  which  can  have  been  no 
more  than  approximately  true,  for  it  had  been  moved  about  in  the  terrestrial  field 
before  the  readings  were  taken. 

The  same  experiment  is  shown  graphically  in  Plate  57,  fig.  1.  It  will  be  observed 
that  although  the  changes  of  magnetism  which  occur  during  the  removal  and  re¬ 
application  of  Jp  are  small  compared  with  the  whole  magnetisation,  they  exhibit 
hysteresis  very  decidedly  with  respect  to  their  argument  <§. 


53 


PROFESSOR  J.  A.  EWING  ON  EXPERIMENTAL 


Moderately  soft  iron  ring,  Plate  57,  fig.  1. 


Battery 

galvanometer 

reading. 

Ballistic 

throw. 

Sum  of  throws. 

SB. 

3. 

K. 

5*3 

013 

IT 

IT 

26 

2-1 

10-2 

0-26 

PI 

2-2 

53 

4-2 

12-0 

0-30 

0-5 

27 

65 

5-1 

160 

0-40 

0-8 

35 

84 

6-7 

21 

0-53 

1-0 

4-5 

107 

8-6 

28 

071 

2T 

6-6 

158 

12-5 

37 

0-93 

2-9 

9-5 

227 

18-0 

52 

1-31 

3-9 

13-4 

320 

25-4 

19 

67 

1-69 

9-2 

22-6 

540 

42-9 

25 

75 

1-89 

6-9 

29-5 

705 

56-0 

30 

110 

2-78 

77-5 

107-0 

2,560 

203 

73 

133 

3-36 

78-7 

185-7 

4,440 

353 

105 

159 

4-01 

82 

267-7 

6,400 

509 

127 

196 

4-95 

91-5 

359-2 

8,580 

683 

138 

232 

5-86 

57 

416-2 

9,940 

791 

135 

285 

7'20 

57 

473-2 

11,300 

899 

125 

321 

840 

23-5 

496-7 

11,870 

944 

116 

362 

914 

24 

520-7 

12,440 

989 

108 

310 

7'83 

-  4-4 

516-3 

12,330 

981 

246 

6-21 

-  6-7 

509-6 

12,170 

968 

188 

4-75 

-  7T 

502-5 

12,000 

955 

107 

2-70 

-14-0 

488-5 

11,670 

929 

0 

0 

-33-2 

455-3 

10,880 

866 

110 

2-78 

15 

470-3 

11,240 

894 

196 

4-95 

14'2 

484-5 

11,570 

921 

246 

6-21 

11-9 

496-4 

11,860 

943 

317 

8-00 

14-5 

510-9 

12,170 

971 

362 

9T4 

10 

520-9 

12,440 

990 

§  11.  Plate  57,  fig.  2,  shows  the  changes  of  magnetism  of  another  ring,  of  very  soft 
iron  wire,  when  the  magnetising  force  was  (1)  raised  to  7*07,  (2)  reversed  to  —  7'07, 
(3)  restored  to  +7'0 7,  (4)  reduced  to  0,  (5)  restored  again  to  fi-7'07,  all  by  a  series 
of  numerous  sudden  steps.  Also,  during  the  second  operation  two  small  loops  were 
formed  by  reducing  the  force  by  steps  to  zero,  reapplying  it,  and  continuing  the 
operation.  In  the  curve  of  first  magnetisation  the  greatest  value  of  k  is  180,  corre¬ 
sponding  to  <§  =  3.  During  the  reversal,  as  soon  as  the  magnetising  force  changes 
its  sign  a  very  rapid  demagnetisation  begins,  and  a  force  of  about  — 1'9  suffices  to 
remove  completely  the  residual  magnetism.  The  reversal  curves  are  steepest  when 

the  magnetisation  is  zero  :  at  that  point  the  value  of  is  about  14,500.  That  is  to 

say,  for  every  line  of  force  (per  sq.  centim.)  which  is  then  entering  or  leaving  the 
field,  14,500  lines  of  induction  are  entering  or  leaving  the  substance  of  the  metal. 
Complete  double  reversal  has  the  effect  of  slightly  reducing  03  below  the  value 
reached  in  the  first  application  of  <§,  but  removal  and  reapplication  of  the  force 
raises  03  slightly  above  its  primitive  value.  Every  loop  in  the  diagram  shows  that 
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when  we  reverse  the  change  of  magnetising  force  from  increment  to  decrement,  or 
vice  versa,  the  magnetisation  begins  to  change  very  gradually  relatively  to  the  change 
of  <§,  no  matter  how  fast  it  may  have  been  changing,  in  the  opposite  direction,  before. 
So  much  is  this  the  case  that  the  curves,  when  drawn  to  a  scale  such  as  that  of  the 
figure,  appear  in  all  cases  to  start  off  tangent  to  a  line  parallel  to  the  axis  on  which 

is  measured,  wdienever  the  change  of  >§  is  reversed  in  sign. 

§  12.  In  a  large  number  of  other  experiments  I  have  examined  the  effects  of 
varying  the  field  in  all  possible  ways.  The  accompanying  changes  of  33  always 
exhibit  static  hysteresis  with  respect  to  the  variations  of  <§.  The  curves  connecting 
these  quantities  always  form  loops  as  in  fig.  2,  and  the  characteristic  mentioned  in  the 
last  sentence  of  §  11  appears  to  be  quite  general.  It  is  scarcely  necessary  to  point 
out  that  this  is  not  what  we  should  expect  from  the  theory  of  retentiveness  suggested 
by  Maxwell  (§  3).  On  the  other  hand,  it  is  just  what  we  should  expect  if  we 
suppose  that  there  is  a  static  frictional  resistance  to  the  rotation  of  Weber’s 
magnetic  molecules. 

An  interesting  point  may  be  noticed  with  regard  to  the  small  loops,  two  of  which 
are  shown  in  the  diagram  (fig.  2).  Suppose  that  either  on  the  ascending  or  the 
descending  branch  of  the  main  curve  we  begin  to  form  such  a  loop  by  removing  the 
magnetising  force,  taking  as  the  starting  point  a  place  in  the  main  curve  such  that 
when  Ip  becomes  zero  33  is  also  zero.  Evidently  this  could  be  done  by  selecting  a 
suitable  starting  point  either  in  the  positive  part  of  the  ascending  branch  of  the  main 
curve  or  in  the  negative  part  of  the  descending  branch.  Then  when  Ip  is  reduced  to 
zero  the  piece  combines  entire  freedom  from  magnetisation  with  absence  of  magnetising 
force,  but  its  condition  is  widely  different  from  that  of  a  previously  unmagnetised  piece. 
In  particular,  it  is  unsymmetrical  as  regards  susceptibility  to  magnetisation  in  the  two 
longitudinal  directions,  being  much  more  ready  to  take  magnetism  of  an  opposite  sign 
from  that  which  it  last  possessed  than  to  take  magnetism  of  the  same  sign.  The 
curves  of  2>  and  <!p  in  the  two  quadrants,  if  we  imagine  them  both  to  be  drawn,  would 
meet  in  a  sharp  angle  at  the  origin,  instead  of  being  continuous,  as  they  would  be  in  a 
previously  unmagnetised  specimen.  This  is  indeed  only  one  example,  though  a  very 
striking  one,  of  the  fact  that  in  consequence  of  hysteresis  a  condition  of  no 
magnetism,  in  a  field  of  no  force,  is  capable  of  being  reached  by  many  processes,  some 
of  which  will  leave  the  metal  ready  to  show  a  startling  want  of  neutrality  when  it  is 
subsequently  magnetised  in  one  or  the  other  direction. 

§  13.  Residual  Magnetism  in  Soft  Iron. — A  feature  in  these  and  other  early  experi¬ 
ments  which  caused  me  much  surprise  was  the  largeness  of  the  residual  magnetism. 
In  fig.  1,  87  per  cent.,  and  in  fig.  2,  81  per  cent,  of  the  total  induced  magnetism 
remains  when  the  magnetising  force  has  been  completely  removed  ;  and  in  other 
examples  I  have  found  the  residual  magnetism  of  soft  iron  to  be  90  and  even  93  per 
cent,  of  the  induced  magnetism.  It  is  generally  stated  in  the  best  text-books  that 
the  magnetic  condition  of  soft  iron  disappears  almost  wholly  when  the  inducing  field 
mdccclxxxv.  3  z 
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is  withdrawn.  This  entirely  erroneous  opinion  has  probably  been  established  by 
experiments  on  rods  whose  length  was  insufficiently  great  to  prevent  them  from 
demagnetising  themselves  more  or  less  completely.  In  fig.  2  we  see  how  great  is  the 
effect  of  a  small  amount  of  reversed  force  in  reducing  the  residual  magnetism.  To 
illustrate  the  extent  of  the  self-demagnetising  action  which  occurs  in  even  a  moderately 
long  rod,  we  may  take  the  following  ideal  case.  Suppose  that  an  infinitely  long, 
straight,  round  rod  of  radius  r  has  been  uniformly  magnetised  in  the  direction  of  its 
length,  and  the  magnetising  force  withdrawn,  leaving  it  with  a  uniform  residual 
magnetisation  whose  intensity  is  3-  Then  imagine  a  length  2 a  to  be  suddenly  cut 
out  of  it,  and  the  ends  to  be  instantaneously  removed.  At  the  instant  of  separation 
the  magnetisation  may  still  be  supposed  to  be  uniform,  and  the  self-demagnetising 
force  which  then  acts  at  any  point  in  the  axis  of  the  rod  at  a  distance  x  from  the 
centre  is 

a  —  x  a-\-x  1 

\/r~  +  (a—xY  \/r2  +  (a  +  x)2\‘ 

Such  a  distribution  is  of  course  self- destructive ;  but  it  is  interesting  to  examine 
the  numerical  values  of  the  demagnetising  force  it  would  cause,  with  a  given  value  for 
3  and  for  the  ratio  of  length  2a  to  radius  r.  Let  the  rod’s  length  be  fifty  times  its 
diameter,  and  suppose  that  it  consists  of  the  same  soft  iron  as  the  ring  of  fig.  2,  and 
has  been  similarly  treated  before  cutting,  so  that  the  residual  value  of  at  the 
instant  of  cutting  is  9000.  The  following  numbers  show  the  resulting  values  of  the 
demagnetising  force  due  to  the  ends  at  various  points  along  the  axis  of  the  bar 

Distance  from  centre  expressed  as  Self-demagnetising  force  in 

a  fraction  of  the  length.  c.g.s.  units. 


0-5 

4500 

0-495 

2488 

0-49 

1318 

0-48 

475 

0-45 

87 

0-4 

22-7 

0-35 

10*3 

0-3 

6-0 

0-25 

4-6 

0-2 

2-9 

0 

1-8 

Comparing  these  with  fig.  2  we  see  that  throughout  very  nearly  its  whole  length 
the  rod  would  be  subjected  in  this  ideal  case,  by  its  own  magnetism,  to  a  force  more 
than  sufficient  to  remove  that  magnetism  altogether.  It  need  not  therefore  cause 
surprise  that  there  is  little  residual  magnetism  in  the  equilibrium  distribution  which 
is  arrived  at  after  any  applied  magnetising  force  is  withdrawn  from  a  rod  whose 
length  is  even  as  much  as  fifty  times  its  diameter. 
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§  14.  Another  cause  contributes  to  produce  the  erroneous  opinion  that  soft  iron  has 
little  retentiveness,  namely,  the  enormous  influence  which  the  slightest  mechanical 
disturbance  has  in  removing  the  residual  magnetism.  The  soft  iron  ring  of  fig.  2  loses 
nearly  all  its  residual  magnetism  if  gently  tapped  after  the  magnetising  force  has 
ceased  to  act.  I  have  frequently  removed  in  this  way  all  but  one  or  at  most  two  per 
cent,  of  the  originally  large  residue.  So  susceptible  indeed  is  soft  iron  to  the  effect  of 
mechanical  disturbance,  that  when  the  field  is  removed  the  lightest  touch  by  the 
fingers  suffices  to  destroy  a  large  part  of  the  residual  magnetism,  although  it  appears 
that  so  long  as  the  iron  is  left  perfectly  undisturbed  the  residual  magnetism  does  not 
suffer  loss  with  lapse  of  time.  I  shall  recur  to  the  effects  of  vibration  later  ;  mean¬ 
while  they  are  mentioned  in  order  to  explain  that  we  may  take  advantage  of  this 
property  to  reduce  a  piece  of  soft  iron  to  a  very  nearly  neutral  state  after  magnetisa¬ 
tion,  so  that  we  may  study  the  comparative  effects  of  again  magnetising  the  same 
piece  under  different  conditions.  Simple  tapping  in  a  field  of  no  force  reduces  the 
piece  to  a  state  differing  very  little  from  that  in  which  it  was  after  annealing  and 
before  any  magnetisation  had  taken  place.  This  I  have  found  to  be  the  case  by 
taking  curves  of  magnetisation  of  a  very  soft  iron  wire  after  annealing,  and  again 
after  shaking  out  the  residual  magnetism  :  such  curves  turn  out  to  be  sensibly 
coincident. 

§  15.  Magnetisation  of  long  Rods  of  various  lengths. — -Taking  advantage  of  this 
property,  in  virtue  of  which  we  can  reduce  a  given  specimen  of  soft  iron  after 
magnetisation  to  a  state  nearly  identical  with  its  primitive  state,  I  made  the  follow¬ 
ing  group  of  observations  to  illustrate  the  influence  of  length  on  the  magnetisation 
of  straight  rods  of  circular  section.  A  long  straight  wire  of  the  same  very  soft  iron 
as  the  ring  of  fig.  2  was  well  annealed,  wound  with  a  magnetising  solenoid  and  placed 
on  a  horizontal  table  in  the  E.-W.  position.  After  the  wire  was  tapped  to  get  rid  of 
its  initial  magnetism  a  curve  of  23  and  -§  was  taken  by  the  ballistic  method.  >§  was 
then  reduced  to  zero  and  the  residual  magnetism  was  shaken  out  by  tapping  the  wire 
on  the  table,  still  keeping  the  E.-W.  position,  and  the  permanent  residue  (which  was 
very  small)  was  determined  by  slipping  off  the  induction  coil.  The  induction  coil  was 
about  5  centims.  long,  and  was  placed  at  the  centre  of  the  rod’s  length.  The  process 
of  magnetisation  was  repeated  three  times,  giving  sensibly  the  same  results  each  time. 
The  wires  diameter  was  0T58  centime,  and  its  original  length  was  47'5  centims.,  or  300 
diameters.  Then  the  length  was  reduced  to  31 '6  centims.,  or  200  diameters,  by  cut¬ 
ting  off  equal  portions  from  both  ends,  and  a  curve  of  magnetisation  was  taken.  The 
residual  magnetism  was  again  tapped  out,  the  length  again  reduced  in  the  same  way 
to  150  diameters,  and  another  curve  of  magnetisation  taken.  The  same  process  was 
repeated  with  the  length  equal 'to  100,  75,  and  50  diameters  successively.  The 
peculiarity  of  the  method  lay  in  this,  that  throughout  the  series  of  observations  the 
magnetic  induction  was  determined  through  precisely  the  same  piece  of  material. 
The  influence  of  length  per  se  w7as  therefore  exhibited  in  a  way  which  would  have 

3  z  2 
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been  impossible  bad  the  successive  tests  involved  the  unknown  and  not  inconsiderable 
differences  of  magnetic  quality  which  different  specimens  would  have  possessed  or 
different  annealings  given. 

In  each  case  the  magnetising  force  due  to  the  solenoid  was  raised  by  steps  to  the 
same  value,  34 ‘2  c.g.s.  units,  and  lowered  by  steps  to  zero.  The  curves  of  Plate  57, 
fig.  3,  show  its  relation  to  33  at  the  centre  of  the  rod  in  the  various  cases.  The  full 
lines  are  the  “  on  ”  curves,  or  curves  showing  the  relation  of  33  to  the  solenoid’s 
magnetising  force  during  its  application:  the  dotted  lines  are  the  “off”  curves,  and 
show  the  values  of  33  during  decrease  of  the  solenoid’s  magnetising  force.  The  number 
affixed  to  each  curve  gives  the  ratio  of  length  to  diameter  in  the  test  it  belongs  to. 
The  abscissas  give  the  magnetising  force  due  to  the  solenoid,  which  of  course  differs 
from  <§  by  the  amount  of  the  variable  field  which  the  rod  exerts  upon  itself.  To  avoid 
confusion  in  the  figure,  a  portion  only  of  each  pair  of  curves  is  drawn,  except  in  the 
case  of  the  longest  and  shortest  rods,  for  which  the  curves  are  drawn  in  full.  The 
greatest  magnetisation  reached  was  sensibly  the  same  for  the  longest  rods  and  for 
those  of  intermediate  lengths.  At  the  beginning  of  each  “  on  ”  curve  a  small  amount 
of  initial  magnetism  will  be  noticed,  which  is  the  part  of  the  previous  residual 
magnetism  not  shaken  out  by  tapping. 

§  16.  It  appears  that  the  rod  300  diameters  long  differs  little  in  its  magnetic 
behaviour  from  an  indefinitely  long  rod  or  from  a  ring.  Its  residual  magnetism  is 
85  per  cent,  of  the  total,  and  its  greatest  value  of  /x  is  about  3500.  The  “on”  curve 
of  the  200  diameters  rod  falls  not  much  below  that  of  the  300  diameters  rod,  but  its 
“  off”  curve  is  notably  different  near  the  conclusion,  where  the  demagnetising  influence 
of  the  ends  becomes  sharply  apparent.  The  result  is  to  reduce  the  residual  magnetism 
to  60  per  cent,  of  the  total.  In  the  150  diameters  rod  the  residual  magnetism  falls 
to  39  per  cent.,  in  the  100  diameters  rod  to  20  per  cent.,  in  the  75  diameters  rod  to 
9  per  cent.,  and  in  the  50  diameters  rod  to  about  6  per  cent.  The  “off”  curves  of 
the  shorter  rods  are  distinguished  by  a  long  straight  descent  towards  the  axis  of  33, 
showing  a  sensibly  uniform  rate  of  demagnetisation  during  the  later  part  of  the  with¬ 
drawal  of  the  externally  applied  force. 

The  comparative  difficulty  of  magnetising  a  short  rod  is  shown  by  fig.  3  in  a  way 
which  requires  no  comment.  If  we  were  to  infer  values  of  /x  and  k  from  the  test  ot 
the  50  diameters  rod,  neglecting  the  fact  that  the  magnetising  force  due  to  the 
solenoid  is  not  the  whole  of  35,  we  should  find  for  the  maximum  of  /x  656,  and  for  that 
of  k  52  ;  and  these  coefficients  are  much  more  nearly  uniform  for  various  values  of  the 
magnetising  force  than  when  we  determine  them  in  a  legitimate  manner  by  observ¬ 
ing  the  magnetisation  of  very  long  rods  or  of  rings. 

§  17.  From  this  and  other  experiments,  I  concluded  that  even  when  dealing  with 
the  softest  iron,  we  may  take  a  rod  whose  length  is  not  less  than  300  diameters  as 
giving  results  scarcely  different  from  those  given  by  a  ring  or  a  longer  rod,  and  in  subse¬ 
quent  experiments  rods  were  almost  exclusively  used  whose  length  was  from  300  to  400 
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times  their  diameter.  In  hard  iron  and  in  steel  a  smaller  ratio  of  length  to  diameter 
would  no  doubt  give  an  equally  good  approximation  to  the  condition  of  endlessness. 

It  should  not  be  forgotten  that  want  of  perfect  homogeneity  introduces  a  self- 
demagnetising  force  even  in  the  longest  rod  or  in  a  ring,  by  causing  some  of  the  lines 
of  induction  to  escape  from  the  substance  of  the  metal  at  intermediate  points,  and 
it  does  not  appear  that  we  can  easily,  if  at  all,  approximate  more  closely  to  the  ideal 
condition  of  uniform  magnetisation  than  by  the  use  of  a  straight  piece  of  wire  in 
which  the  ratio  of  length  to  diameter  is  (say)  400.  If  it  be  desired  to  deal  with 
a  larger  section  of  metal  than  a  single  wire,  a  good  plan  is  to  form  a  multiple  ring  by 
winding  a  long  continuous  wire  into  a  coil  of  as  many  turns  as  may  be  wished,  and 
cutting  the  ends  so  that  they  abut  against  one  another.  This  gives  a  more  homo¬ 
geneous  structure  than  is  got  by  welding  a  rod  into  a  ring,  or  even  by  turning  a 
ring  out  of  a  solid  forged  piece.  One  or  two  experiments  made  with  multiple  rings 
have  only  served  to  confirm  the  general  accuracy  of  the  results  got  by  the  use  of 
straight  wires. 

§  18.  Direct  Magnetometric  Method  of  Experiment. — In  addition  to  the  ballistic 
method,  a  direct  magnetometric  method  has  been  employed  in  many  cases  in  examining 


the  magnetisation  of  long  wire  rods.  The  wire  was  placed  in  the  vertical  position, 
with  its  upper  end  nearly  level  with,  and  magnetically  east  of  a  small  mirror  magneto¬ 
meter,  formed  by  suspending  the  mirror  of  a  Thomson  galvanometer  by  a  silk  fibre 
about  8  centims.  long.  Two  coils  were  wound  round  the  rod  :  through  one  of  these 
a  constant  current  was  maintained  which  just  sufficed  to  neutralise  the  vertical 
component  of  the  earth’s  magnetic  field.  The  other  formed  the  magnetising  solenoid, 
and  the  current  in  it  was  varied  not  by  sudden  steps  as  in  the  ballistic  method,  but 
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continuously  by  means  of  a  “  slide  ”  of  very  simple  construction,  which  is  shown  in 
the  annexed  figure.  This  consisted  of  a  tall  cylindrical  glass  jar  filled  with  a  dilute 
solution  of  sulphate  of  zinc,  with  a  block  of  amalgamated  zinc  fixed  at  the  top,  and 
another  at  the  bottom,  the  blocks  being  connected  by  the  terminals  1  and  3  to  the  two 
poles  of  the  battery.  A  third  block  of  zinc  was  raised  or  lowered  between  these, 
through  the  fluid,  by  means  of  a  cord  and  pulley,  and  formed  the  sliding  terminal 
of  the  magnetising  solenoid,  of  which  one  end  was  connected  to  it  by  the  terminal  2, 
and  the  other  end  was  connected  through  a  commutator  to  one  of  the  fixed  blocks. 
This  liquid  slide  gave  a  remarkably  effective  and  convenient  means  of  varying  the 
magnetising  current,  and  no  difficulty  was  experienced  in  keeping  the  current 
constant  when  it  was  desired  to  do  so. 

The  position  of  the  magnetised  wire  with  respect  to  the  magnetometer  was  such 
that  any  change  in  distribution  of  magnetism  produced  minimum  effect,  the  displace¬ 
ment  of  the  upper  “  pole  ”  being  at  right  angles  to  the  line  joining  it  with  the 
magnetometer,  while  the  lower  pole  was  comparatively  inoperative.  The  reduction  of 
the  observations  to  absolute  measure  presents  no  novel  features.  3  was  first  evalu¬ 
ated,  the  deflection  due  to  the  magnetising  solenoid  alone  being  separately  determined, 
and  subtracted  from  the  observed  magnetometer  readings  before  these  were  reduced 
to  find  3-  33,  where  it  is  given,  was  afterwards  calculated  from  3  and  <§• 

Let  PP'  be  the  magnetised  wire,  whose  length  is  l  and  moment  hn.  Let  M  be 


the  position  of  the  magnetometer,  distant  r  from  P  and  r  from  P',  and  let  H  be  the 
horizontal  component  of  the  earth’s  field,  acting  perpendicular  to  the  plane  MPP7. 
Then  if  6  be  the  deflection  of  the  magnetometer  needle, 


H  sin  6= 


cos  0, 


Hr2  tan  6 


Or,  calling  d  the  diameter  of  the  wire, 


3: 


Aim 

7 TCP 


4/Iir2  tan  0 
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In  this  simple  form  the  direct  magnetometric  method,  as  a  means  of  determining 
magnetic  qualities  in  absolute  measure,  is  not  entirely  free  from  objection,  but  it 
allows  certain  points  to  be  investigated  which  the  ballistic  method  is  unable  to  deal 
with,  notably  the  influence  of  time  in  magnetisation,  and  the  comparative  effects  of 
sudden  and  gradual  application  or  removal  of  magnetising  force,  and  it  is  also  particu¬ 
larly  convenient  in  testing  the  effect  of  stress  on  magnetic  susceptibility. 

§  19.  Demagnetisation  by  the  method  of  reversals. — As  an  alternative  to  the  plan  of 
tapping  out  the  magnetism,  which  is  inapplicable  to  steel  or  hard  iron,  another  plan 
has  more  frequently  been  used  to  remove  residual  magnetism  when  it  has  been  desired 
to  repeat  the  magnetisation  of  a  given  specimen  without  change  of  its  physical 
state.  This  consists  in  subjecting  the  piece  to  a  succession  of  magnetising  forces 
with  opposite  signs  and  of  gradually  diminishing  intensity.  By  means  of  the  liquid 
slide  described  above,  the  current  was  slowly  reduced  to  zero,  while  a  rapid  reversing 
key  between  the  slide  and  the  solenoid  was  kept  in  action.  The  earth’s  vertical  force 
was,  as  has  been  said,  balanced  by  a  steady  current  in  a  separate  solenoid,  and  when 
the  strength  of  this  last  was  properly  adjusted,  the  process  of  demagnetising  by 
reversals  was  very  successful  in  removing  all  traces  of  residual  magnetism/''  It  is 
clear  that  this  process  leaves  the  piece  symmetrically  conditioned  as  regards  subse¬ 
quent  magnetisation  in  either  of  the  two  longitudinal  directions.  The  condition  of 
a  piece  demagnetised  in  this  way  is  no  doubt  different  from  that  of  a  piece  never  before 
magnetised  (indeed  the  curves  of  3  and  A,  taken  before  and  after  the  process,  show 
that  it  is  somewhat,  though  not  very,  different  as  regards  susceptibility) ;  but  the 
neutral  state  produced  by  this  process  forms  an  exceedingly  convenient  starting 
point,  to  which  we  may  recur  over  and  over  again,  when  wTe  wish  to  determine  the 
susceptibility  or  the  retentiveness  of  the  same  piece  under  different  conditions  of 
stress,  temperature,  &c. 

§  20.  Cyclic  Magnetisation  of  Wrought-iron  Wires. — A  few  experiments  will  now 
be  detailed  in  which  well  annealed!  specimens  of  soft  iron  wire  were  subjected  to  a 
complete  cycle  of  magnetisation  by  the  successive  application  of  equal  and  opposite 
magnetising  forces.  In  each  case  the  length  of  the  specimen  was  so  great  as  to 
realise,  as  nearly  as  possible,  the  condition  of  endlessness.  In  the  following  experi¬ 
ment,  the  results  of  which  are  given  numerically  below,  and  graphically  in  Plate  57, 
fig.  4,  the  specimen  was  a  very  soft  iron  wire  0’158  centim.  in  diameter,  and 
64  centims.  or  400  diameters  in  length ;  and  the  method  used  was  the  step-by-step 
ballistic  method  (§  8).  The  steps  by  which  <§  and  £3  were  varied  were  those  shown 
in  the  table  below.  The  magnetising  force  was  first  raised  to  17 '26,  then  reversed 

*  A  process  similar  in  principle  was  applied  some  years  ago  by  Mr.  H.  S.  Maxim  to  cure  magnetised 
watches. 

f  The  process  of  annealing  consisted  in  drawing  the  wire  through  a  blowpipe  flame  so  slowly  that 
each  part  of  the  length  in  turn  became  bright  red  and  then  cooled  gradually  as  it  moved  away  from  the 
flame.  For  wires  of  less  than  1  mm.  diameter  an  ordinary  spirit-lamp  flame  was  generally  used,  without 
a  blowpipe. 
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to  — 17*26,  reversed  again  to  +  17*26,  reduced  to  0,  and  restored  to  +17*26,  all  by 
steps.  At  the  beginning  of  the  operation  the  wire  had  a  small  amount  of  initial 
magnetism,  which  was  determined  by  sliding  off  the  induction  coil. 


Very  Soft  Annealed  Iron  Wire,  Plate  57,  fig.  4. 


A 

SB. 

A 

SB. 

>5. 

SB. 

A 

SB. 

0 

166 

(initial) 

0-05 

166 

-  0-05 

10,970 

0-05 

-10,795 

0-05 

10,845 

019 

183 

-  019 

10,790 

0-19 

-10,620 

0-19 

10,850 

0-37 

216 

-  0-37 

10,460 

0-37 

-10,268 

0-57 

10,860 

0-71 

393 

-  0-71 

9,530 

0-71 

-  9,270 

0-71 

10,890 

1-08 

941 

-  1-08 

7,360 

1-08 

-  6,780 

1-08 

10,930 

1-84 

4,088 

-  1-84 

20 

1-84 

-  642 

1-84 

11,040 

3-30 

8,684 

-  3-30 

-  7,840 

3-30 

8,190 

3-30 

11,480 

5-62 

11,380 

-  5-62 

-11,100 

5-62 

11,270 

5-62 

12,210 

7-63 

12,320 

-  7-63 

-12,080 

7-63 

12,170 

7-63 

12,650 

10-54 

12,950 

-10-54 

-12,690 

10-54 

12,770 

10-54 

13,040 

14-19 

13,280 

-1419 

-13,030 

14-19 

13,110 

14-19 

13,300 

17-26 

13,450 

-17-26 

-13,190 

17-26 

13,280 

17-26 

13,440 

14-19 

13,370 

-14-19 

-13,110 

14-19 

13,220 

10-54 

13,250 

-10-54 

-13,000 

10-54 

13,100 

7-63 

13,100 

-  7-63 

-12,900 

7-63 

12,940 

5-62 

12,970 

-  5-62 

-12,800 

5-62 

12,830 

3-30 

12,680 

-  3-30 

-12,520 

3-30 

12,570 

1-84 

12,240 

-  1-84 

-12,080 

1-84 

12,150 

1-08 

11,850' 

-  1-08 

-11,700 

1-08 

11,790 

0-71 

11,590 

-  0-71 

-11,430 

0-71 

11,510 

0-37 

11,277 

-  0-37 

-11,130 

0-37 

11,200 

0-19 

11,100 

-  0-19 

-10,970 

0-19 

11,030 

0-05 

11,000 

-  0-05 

-10,820 

0-05 

10,880 

0 

10,980 

0 

-10,800 

0 

10,840 

Here  the  residual  magnetism  is  82  per  cent,  of  the  induced  magnetism,  both  on  the 
positive  and  on  the  negative  side.  An  opposite  force  of  about  — 1*9  serves  to  remove 
it  completely.  The  general  form  of  the  curves  in  fig.  4  should  be  noted,  since,  as 
many  other  experiments  have  shown,  this  is  a  thoroughly  typical  example  of  the 
behaviour  of  annealed  iron. 

§  21.  In  the  next  example  the  method  of  experiment  was  different.  The  magne¬ 
tising  force  was  varied  continuously  and  very  slowly  by  means  of  the  liquid  slide 
described  in  §  18,  occasional  pauses  being  made  to  allow  current  and  magnetometer 
observations  to  be  taken.  The  magnetisation  was  measured  by  the  direct  magneto¬ 
metric  method  of  §  18.  The  wire  was  a  piece  of  moderately  soft  iron,  well  annealed, 
of  0*077  centim.  diameter,  and  30*5  centims.  or  400  diameters  in  length.  The 
magnetising  force  was  raised  to  22*3,  reversed  to  — 23,  and  restored  to  +22 ‘3,  all  very 
gradually.  Whenever,  as  was  frequently  the  case,  the  magnetometer  deflection 
appeared  to  be  creeping  up  or  down  after  the  alteration  of  magnetising  force  had 
ceased,  time  was  given  to  allow  the  magnetisation  to  become  sensibly  steady  before  a 
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reading  was  taken.  The  following  corresponding  values  of  43  and  93  are  reduced  from 
the  observations  ;  they  are  also  exhibited  graphically  in  Plate  58,  fig.  5. 


Annealed  Iron  Wire,  Plate  58,  fig.  5. 


Current  in 
magnetising 
solenoid, — 
galvr.  reading. 

A 

Magnetometer 

reading. 

SB. 

fi. 

Current  in 
magnetising 

solenoid, — 

galvr.  reading. 

A 

Magnetometer 

reading. 

SB. 

Current  in 

magnetising 

solenoid, — 

galvr.  reading. 

A 

Magnetometer 

reading. 

SB. 

0 

0 

0 

0 

9 

0-32 

1 

41 

128 

11-5 

-  0-41 

342 

14,140 

9 

0-32 

-348 

-14,390 

24 

0-85 

4 

165 

194 

23 

-  0-81 

329 

13,600 

19 

067 

-339 

-14,010 

39 

1-38 

10 

413 

299 

31 

-  1-10 

318 

13,150 

29 

102 

-327 

-13,520 

59 

2-18 

28 

1,460 

670 

41 

-  1-45 

295 

12,200 

39 

1-38 

-306 

-12,650 

79 

2-80 

89 

3,680 

1310 

51 

-  1-80 

263 

10,460 

49 

1-73 

-274 

-11,330 

99 

3-50 

175 

7,230 

2070 

62 

-  2  20 

166 

6,860 

59 

209 

-195 

-  8,060 

119 

421 

239 

9,880 

2350 

71 

-  2-51 

70 

2,890 

69 

2-44 

-103 

-  4,260 

139 

4-92 

279 

11,540 

2350 

81 

-  2-87 

-  12 

-  496 

79 

2'80 

+  4 

165 

159 

5-63 

304 

12,570 

2230 

91 

-  3-22 

-  83 

-  3,430 

86 

304 

58 

2,400 

189 

669 

327 

13,520 

1020 

101 

-  3-50 

-142 

-  5,870 

99 

3-50 

130 

5,370 

239 

8-46 

348 

14,390 

1700 

121 

-  4-28 

-226 

-  9,340 

114 

4-03 

199 

8,230 

289 

10-23 

359 

14,840 

1450 

141 

-  4-99 

-278 

-11,490 

140 

4-96 

279 

11,530 

342 

12-11 

365 

15,090 

1250 

162 

-  5-73 

-306 

-12,650 

190 

6-72 

332 

13,720 

441 

15-61 

373 

15,420 

990 

211 

-  7-47 

-338 

-13,970 

240 

8  50 

351 

14,510 

574 

20-32 

378 

15,630 

770 

261 

-  9-23 

-352 

-14,550 

291 

10-30 

362 

14,970 

629 

22-27 

380 

15,710 

705 

312 

-11-05 

-361 

-14,920 

339 

12-00 

368 

15,210 

464 

16-42 

379 

15,670 

411 

-14-55 

-369 

-15,250 

340 

1204 

374 

15,460 

239 

8-46 

375 

15,500 

511 

— 1809 

-373 

-15,420 

579 

20-50 

381 

15,750 

139 

4-92 

372 

15,380 

652 

-23-08 

-376 

-15,550 

630 

22-30 

383 

15,830 

89 

3-15 

369 

15,270 

536 

-18-94 

-376 

-15,550 

0 

0 

353 

14,590 

39 

1-38 

363 

15,010 

411 

-14-55 

-376 

-15,550 

0 

0 

350 

14,470 

311 

-11-01 

-375-5 

-15,530 

211 

-  7-47 

-375 

-15,500 

111 

-  3  93 

-372 

-15,380 

61 

-  2-16 

-368 

-15,210 

23 

-  0-81 

-361 

-14,930 

11-5 

-  0-41 

-358 

-14.800 

0 

0 

-352 

-14,550 

The  figures  show  that  the  wire  of  this  experiment,  although  less  susceptible  than 
the  last  to  low  values  of  the  magnetising  force,  took  a  greater  magnetisation  with  high 
values  of  the  force.  But  the  most  notable  feature  of  this  experiment  is  the  enor¬ 
mously  great  amount  of  residual  magnetism  which  this  wire  retained  when  the 
magnetising  force  was  completely  withdrawn.  On  the  positive  side  the  residual  was 
92  per  cent,  of  the  induced  magnetism,  and  on  the  negative  side  9 2 ‘5  per  cent.  Its 
absolute  value  is  very  remarkable.  93=14,500  (the  residual  value)  corresponds  to  an 
intensity  of  magnetism  (3)  of  1150  c.g.s.  units  of  moment  per  unit  of  volume.  Great 
as  this  is,  it  was  even  slightly  exceeded  in  another  experiment  with  the  same  wire,  in 
which  93  per  cent,  of  the  induced  magnetism  remained  after  the  magnetising  force 
was  removed,  giving  a  residual  intensity  of  1200  c.g.s.  units  of  moment  per  unit  of 
volume.  So  far  as  I  am  aware  no  steel  magnet  ever  holds  so  much  magnetism  as  this. 
In  fact,  if  by  retentiveness  we  mean  simply  the  faculty  of  remaining  magnetic  when 
magnetising  force  is  removed,  and  in  the  absence  of  mechanical  or  other  disturbance, 
soft  iron  is  far  more  retentive  than  either  hard  iron  or  steel. 

§  22.  One  more  example  may  be  given  of  the  application  of  a  complete  magnetising 
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cycle  to  annealed  iron.  In  this  a  much  stronger  magnetising  force  was  used  than 
before.  The  wire  was  a  piece  nearly  the  same  as  that  of  the  last  experiment, 
diameter  0 '078  centim.,  length  29 '3  centims.,  or  nearly  400  diameters.  The  observa¬ 
tions  (which  were  made  by  the  direct  magnetometric  method)  are  given  in  a  reduced 
form  below,  and  are  also  exhibited  in  Plate  58,  fig.  6. 


Annealed  Iron  Wire,  Plate  58,  fig.  6. 
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0 
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0 
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§  23.  Characteristics  of  the  Curve  of  Magnetisation. — The  examples  which  have 
been  cited  exhibit  very  clearly  the  behaviour  of  annealed  iron  when  subjected  to 
magnetising  forces  without  mechanical  disturbance.  It  matters  little  whether 
the  changes  of  magnetising  force  are  caused  to  occur  suddenly  or  gradually  :  there  are 
slight  differences  in  the  two  cases  which  will  be  discussed  later,  but  the  general  form 
of  the  curve  is  scarcely  changed.  A  comparison  of  rhe  figures  already  given  will 
show  that  the  curve  of  first  magnetisation  has  the  following  characteristics.  At  first 
the  magnetisation  takes  place  very  gradually  with  respect  to  the  increment  of  <§, — how 
gradually  these  experiments  do  not  enable  me  to  say,  but  the  appearance  of  the 

*  A  small  loop  was  formed  liere  by  reducing  £>  from  7‘1  to  zero,  and  reapplying  it.  See  tlie  figure. 
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curves  is  not  inconsistent  with  the  idea  that 


is  initially  zero. 


By  the  time  the 


magnetising  force  reaches  the  value  of  1  c.g.s.  unit  or  so,  a  pretty  sharp  upward  bend 
takes  place,  and  the  magnetisation  proceeds  rapidly  and  at  a  nearly  uniform  rate  for 
a  considerable  length  of  the  curve.  Then  this  rate  changes  gradually,  as  the  region 
of  what  is  popularly  known  as  saturation  is  approached,  in  which  region  we  again  find 
a  nearly  straight  portion  of  the  curve,  where  a  continuous  though  much  less  rapid 
increase  of  magnetism  is  still  taking  place.  With  magnetising  fields  whose  strength 
is  100  units  or  so  (my  experiments  did  not  deal  with  stronger  fields)  the  values  both 
of  23  and  of  3  show  no  sign  of  reaching  a  limit. 

During  the  withdrawal  of  the  magnetising  force,  if  that  has  been  strong,  the 
magnetism  stays  well  up  in  the  region  of  so-called  saturation  until  the  force  is  almost 
wholly  removed.  As  soon  as  a  small  force  of  opposite  sign  is  applied  the  residual 
magnetism  begins  to  disappear,  and  opposite  magnetism  to  take  its  place,  with  great 
rapidity.  The  rate  of  this  change  with  respect  to  the  change  of  is  however  very 
uniform  during  the  greater  part  of  its  progress.  Other  characteristics,  such  as  the 
hysteresis  which  occurs  when  a  magnetising  force  is  removed  and  reapplied,  have 
been  already  described,  and  others  still  will  be  evident  on  inspection  of  the  curves. 

One  feature  which  deserves  special  notice  is  the  large  amount  of  magnetism  which 
even  a  very  weak  field  will  induce  in  annealed  iron,  when  the  specimen  is  endless,  or 
long  enough  to  prevent  its  ends  from  materially  modifying  the  field.  Take  for 
instance  the  experiment  last  cited.  With  a  field  of  90  c.g.s.  units  the  value  of  the 
induction  23  is  16,500,  but  to  produce  an  induction  of  10,000  a  field  of  less  than 
5  units  is  sufficient.  And  this  susceptibility,  high  as  it  is,  is  greatly  exceeded  when 
during  the  application  of  the  magnetising  force  the  iron  is  subjected  to  mechanical 
vibration  (see  §  50). 

The  curves  showing  the  relation  of  magnetisation  to  magnetising  force  have  a  very 
different  form  when  we  are  dealing  with  hard-drawn  iron,  or  with  a  sample  which 
instead  of  being  in  the  annealed  state,  has  been  strained  beyond  its  limit  of  elasticity 
before  being  magnetised.  Examples  of  these  will  be  given  later  ;  meanwhile  the 
following  experiments  with  cast-iron  and  steel  may  be  placed  here  for  convenience  of 
comparison  with  soft  iron. 

§  24.  Magnetisation  of  a  Cast-iron  Ring.-— The  ring  was  turned  circular,  and  of 
circular  section,  the  dimensions  being — 

Centims. 

External  diameter  .......  15'05 

Internal  „  . :  12 ‘30 

Diameter  of  section  .  .  .  .  ,  .  .  1'378 


The  method  of  experiment  was  the  step-by-step  ballistic  method  of  §  8.  The  results 
are  shown  in  Plate  58,  fig.  7.  A  large  loop  was  formed  by  applying  and  reversing  and 
reapplying  a  magnetising  force  of  nearly  1 G  units  ;  and  then  a  small  loop  was  formed 
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by  removing  and  reapplying  the  same  force.  This  force  was  insufficient  to  make  the 
cast-iron  approach  magnetic  saturation.  The  numerical  values  of  <§  and  93  are  given 
below  :  the  initial  value  of  ©  could  not  of  course  be  determined,  and  it  is  assumed  to 
have  been  zero.  [Owing  to  an  omission  in  the  laboratory  note-book  some  uncertainty 
attaches  to  the  reduction  of  the  magnetism  of  this  ring  to  absolute  measure.  The 
example  serves,  however,  to  show  the  presence  of  hysteresis  in  the  magnetisation  of 
this  material.] 

Cast-iron  Ring,  Plate  58,  fig.  7. 
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-3420 

13-15 
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3390 
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-3300 

9-94 
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-  1-87 

-2430 

113 
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0 
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§  25.  Magnetisation  of  Steel  Wire  in  the  hard-drawn,  annealed,  and  glass-hard  states. 
— The  next  three  experiments  were  made  on  a  piece  of  steel  wire  0T37  centirn.  m 
diameter,  and  19  '7  centims.  or  144  diameters  in  length.  This  length  would  have  been 
insufficient  to  allow  of  a  fair  experiment  if  the  material  had  been  soft  iron,  but  steel  is 
so  much  less  susceptible  that  the  effect  of  the  ends  is  less  important,  and  a  condition 
approaching  that  of  endlessness  is  reached  with  a  shorter  length  than  would  be  admis¬ 
sible  in  the  case  of  iron.  In  all  three  experiments  the  step-by-step  ballistic  method 
was  used. 

The  wire  was  first  tested  when  in  what  may  be  called  its  normal  temper,  the  hard- 
drawn  state  in  which  it  was  commercially  supplied.  Plate  58,  fig.  8,  shows  its  behaviour 
when  a  magnetising  force  of  57 '5  units  was  applied,  reversed,  reapplied,  removed  and 
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reapplied.  The  greatest  value  of  33  reached  was  between  14,000  and  15,000,  and  of 
this  57  per  cent,  survived  the  removal  of  the  inducing  force. 

§  26.  The  same  wire  was  then  annealed  by  heating  to  bright  redness  and  cooling 
slowly,  and  observations  made  on  it  whose  results  are  given  graphically  in  Plate  58, 
fig.  9.  The  curves  here  have  a  form  much  more  similar  than  those  of  fig.  8  to  the 
curves  for  soft  iron,  but  the  susceptibility  to  moderate  magnetising  forces  is  much 
less  than  in  iron.  The  induced  magnetism  is  nearly  the  same  as  for  the  hard-drawn 
wire,  but  the  residual  magnetism  is  considerably  greater  for  the  annealed  than  for 
the  hard-drawn  wire,  being  now  from  76  to  80  per  cent. 

§  27.  In  the  next  experiment  the  same  piece  of  wire  was  again  tested,  after  being 
made  glass-hard  by  being  plunged  into  water  while  at  a  bright  red  heat.  Its  magnetic 
behaviour  in  this  state  is  shown  in  Plate  58,  fig.  10.  The  highest  magnetising  force 
applied  (over  55  c.g.s.  units)  did  not  carry  the  wire  past  the  steep  part  of  the  curve  of 
magnetisation,  and  gave  only  9300  as  the  value  of  33.  On  the  removal  of  this  force  the 
residual  value  was  6360,  or  68  per  cent,  of  the  induced.  This  must  not,  however,  be 
taken  as  a  measure  of  the  percentage  of  residual  magnetism  which  would  have  been 
found  had  the  steel  been  more  nearly  “  saturated.”  To  remove  the  residual  magnetism 
a  reverse  force  of  over  40  units  was  necessary.  A  noticeable  feature  in  this  case  is 
the  smallness  of  the  hysteresis  when  the  magnetising  force  was  withdrawn  and 
reapplied.  The  “off”  and  “on”  curves  for  these  operations  are  almost  coincident. 
In  fact,  so  far  as  this  point  is  concerned,  Maxwell’s  extension  of  Weber’s  theory 
(§  3)  would  serve  satisfactorily  enough  to  explain  the  magnetic  retentiveness  of  this 
material.  Fig's,  8,  9  and  10  are  all  drawn  to  the  same  scale,  which  is  also  the  scale 
of  fig.  6. 

§  28.  Experiments  with  Pianoforte  Steel. — The  foregoing  experiments  on  steel 
showed  the  desirability  of  testing  that  material  under  greater  values  of  the  mag¬ 
netising  force.  Accordingly  another  series  were  made  in  which  the  method  used 
was  the  direct  magnetometric  method  (§  18),  and  the  magnetising  force  was  raised 
to  over  90  units.  The  wire  used  in  this  series  of  tests  was  pianoforte  steel  0'078 
centim.  in  diameter,  and  30  centims.  or  380  diameters  long.  Observations  were  first 
made  with  the  wire  in  its  normal  commercial  temper ;  their  results  are  given  below 
and  also  in  Plate  58,  fig.  11,  which  shows  the  relation  of  33  to  <§  while  the  mag¬ 
netising  force  was  being  applied,  reversed,  reapplied,  removed,  and  reapplied  as  in 
former  examples. 
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Pianoforte  Steel  Wire,  Normal  Temper,  Plate  58,  fig.  11. 
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§  29.  Plate  59,  fig.  12  shows  the  behaviour,  under  corresponding  variations  of  mog- 
netising  force,  of  a  piece  of  pianoforte  steel  wire  of  the  some  quality  and  dimensions  as 
the  above,  after  it  had  been  annealed  by  heating  to  bright  redness  and  cooling  slowly. 
The  following  figures  apply  to  the  first  application  of  «§  : — 


Pianoforte  Steel  Wire,  Annealed,  Plate  59,  fig.  12. 
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§  30.  Plate  50,  fig.  13,  shows  the  behaviour  of  a  third  piece  of  pianoforte  steel  wire  cut 
from  the  same  bundle  as  the  two  last,  but  rendered  glass-bard  by  sudden  cooling  in  water. 
This  time  the  length  was  22  centims.  or  nearly  300  diameters.  The  numerical  values 
of  <§,  23,  and  p  during  the  first  application  of  the  force  are  given  below  : — 

Pianoforte  Steel  Wire,  Glass-hardened,  Plate  59,  fig.  13. 
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§  31.  Effect  of  permanent  strain  on  the  magnetic  susceptibility  and  retentiveness  of 
Iron. — In  the  experiments  on  wrought-iron  hitherto  cited  the  metal  used  was  in 
every  instance  in  the  annealed  state.  If  after  being  annealed  the  piece  be  subjected 
to  a,  longitudinal  stress  sufficient  to  cause  permanent  set,  and,  the  stress  having  been 
removed,  the  magnetic  quality  be  then  examined,  a  very  remarkable  change  will  be 
found  to  have  taken  place.  Not  only  is  the  piece  less  susceptible,  especially  to  weak 
magnetising  forces,  but  the  form  of  the  curves  connecting  33  or  3  with  Sf  is  greatly 
changed.  The  residual  magnetism  is  far  less  than  when  the  material  was  in  the  soft 
annealed  state. 

In  the  following  experiment  with  a  piece  of  soft  iron  wire  60  centims.  long  and 
0T58  centim.  in  diameter,  the  direct  magnetometric  method  was  used.  The  wire 
was  annealed  and  put  through  a  cycle  of  magnetisation  as  in  former  examples.  It 
was  then  demagnetised  by  reversals  (§19)  and  hardened  by  loading  it  with  a  weight 
of  60  kilos.,  which  produced  a  permanent  extension  of  nearly  6  centims.  The  weight 
was  removed  and  a  cycle  of  magnetisation  again  gone  through. 

The  observations  have  been  reduced  by  calculating  $  and  3  (instead  of  Sf  and  23  as 
in  former  examples;  23  may  be  readily  found  from  the  relation  23=4tt3+>§)-  Of 
course  in  calculating  3  for  the  wire  after  stretching,  allowance  has  been  made  for  the 
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change  of  dimensions  of  the  piece.  For  the  sake  of  easy  comparison  the  numerical 
values  of  &  and  A  and  their  ratio,  k,  during  the  first  application  of  the  magnetising 
force,  (1)  before  stretching,  (2)  after  stretching,  are  given  below.  The  force  was 
in  each  case  reversed,  reapplied,  removed,  and  reapplied  as  in  former  examples :  but 
to  avoid  filling  the  page  with  tables  of  figures  it  will  suffice  to  refer  to  fig.  14, 
Plate  59,  where  the  whole  experiment  is  graphically  recorded. 


Soft  Iron  Wire,  Annealed  and  Hardened  by  Stretching,  Plate  59,  fig.  14. 
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In  fig.  14  the  curves  in  full  lines,  giving  the  relation  of  3  to  for  the  wire  before 
stretching,  will  be  readily  distinguished  from  their  resemblance  to  those  which  have 
already  been  described  and  shown  in  earlier  figures.  The  lower  and  more  sloping 
curves  with  more  rounded  outlines,  drawn  in  broken  lines,  exhibit  the  behaviour  of 
iron  which  has  been  hardened  by  stretching.  The  effect  of  stretching  is  that  the 
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subsequent  magnetisation  proceeds  much  less  readily  as  the  magnetising  force  is 
increased,  but  diminishes  much  more  considerably  as  the  force  is  withdrawn.  The 
residual  magnetism  of  the  stretched  wire  is  less  than  half  that  of  the  unstretched 
wire  ;  but  in  the  former  it  is  much  more  stable,  requiring  nearly  three  times  as  much 
reverse  magnetising  force  to  remove  it  from  the  stretched  as  from  the  un stretched 
metal.  The  hysteresis  in  the  stretched  wire,  during  removal  and  reapplication  of  the 
magnetising  force,  is  greater  than  in  the  case  of  annealed  pieces. 

Several  other  experiments  of  a  similar  kind  have  shown  that  the  sloping  curves  of 
fig.  14  are  thoroughly  characteristic  of  strained  iron.  In  fact  the  difference  between 
them  and  the  curves  of  magnetisation  of  an  annealed  specimen  is  so  distinctly  marked 
that  it  is  easy,  by  applying  this  magnetising  test,  to  distinguish  a  piece  which  has 
been  strained  beyond  its  limit  of  elasticity  from  a  piece  which  has  not  been  so  strained. 

A  comparison  of  figs.  8  and  9  shows  the  same  kind  of  difference  between  the  curves 
for  a  steel  wire  when  annealed  (fig.  9),  and  when  in  its  commercial  hard-drawn  state 
(fig.  8).  The  operation  of  wire-drawing  gives  a  strain  which  differs  from  that  to 
which  the  iron  wire  was  subjected  in  the  above  experiment  only  in  having  lateral 
compression  combined  with  the  longitudinal  extension. 

§  82.  Interpretation  of  in  a  Cycle  of  Magnetisation. — The  hysteresis  which 

occurs  in  the  relation  of  magnetisation  in  iron  to  magnetising  force  has  been  observed 
and  commented  on  by  Professor  E.  Warburg#  in  a  paper  with  which  I  was  not 
acquainted  when  the  preliminary  notice  of  my  own  work,  referred  to  above  (§  1 ),  was 
published.  He  has  also  anticipated  me  in  pointing  out  the  important  physical  value 
possessed  by  the  area  of  curves  representing  the  relation  of  ©  to  ■§  or  to  during 
cyclic  changes  of  magnetisation. 

The  quantity  —  for  such  a  cycle  is,  in  absolute  measure,  the  work  spent  in 
conducting  the  metal  through  its  changes  of  magnetisation,  per  unit  of  volume.  This 
may  very  readily  be  deduced  from  the  general  expression  for  the  energy  of  the 
magnetic  field  given  by  Maxwell  (El.  and  Mag.  II.,  §  636)  as 


1 

87 r 


sm- 


*  Wiecl.  Ann.,  xiii.,  p.  141.  The  rods  experimented  on  by  Warburg  were,  with  one  exception,  scarcely 
long  enough  to  satisfy  the  condition  of  approximate  endlessness  mentioned  in  §  7,  as  needful  in  experi¬ 
ments  intended  to  answer  the  question  raised  in  §  2.  Reference  should  also  be  made  in  this  connexion 
to  recent  papers  by  F.  Auerbach,  Wied.  Ann.,  xiv.  (1881),  and  C.  Erohme,  Wied.  Ann.,  iv.  (1878),  and 
xiii.  (1881).  The  papers  of  Auerbach  and  Fromme  deal,  under  the  name  of  “  magnetische  Nachwirkung,” 
with  the  influence  which  previous  magnetic  state  has  on  the  actual  magnetisation  of  iron  and  steel ;  but 
their  mode  of  treating  the  subject  differs  considerably  from  that  of  Warburg.  Auerbach  distinguishes 
rightly  between  the  “  Nachwirkung  ”  which  is  static,  and  that  which  (like  the  “  elastische  Nachwirkung  ” 
of  strained  india-rubber,  or  the  “residual  polarisation”  of  a  dielectric  solid)  depends  on  time.  It  is  the 
former  of  the  two  with  which  we  are  now  concerned.  Neither  Fromme  nor  Auerbach  used  rods  long 
enough  to  give  an  approach  to  uniform  magnetisation. 
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In  the  present  case  33  and  £  have  the  same  direction.  For  any  indefinitely  small 
change  of  the  field 

dE=  —  ^(£d33+33d£). 

When  the  change  is  cyclic,  J£<i33  and  |33c/£  are  equal,  and 

=  -+-§• 

This  is  the  energy  expended  in  performing  the  cycle,  per  unit  of  volume  of  the 
substance  magnetised,  and  it  has  a  positive  value  for  all  actual  cycles  of  magnetism  in 
iron  or  steel  in  consequence  of  the  hysteresis  which  exists  in  the  relation  of  3  to  £• 
The  energy  so  expended  is  a  thing  quite  apart  from  the  further  dissipation  which 
occurs  when,  on  account  of  the  changes  of  magnetism  taking  place  not  indefinitely 
slowly,  currents  are  induced  in  the  substance  of  the  magnet  and  in  neighbouring  con¬ 
ductors,  and  also  from  that  which  occurs  in  consequence  of  the  tliermomagnetic 
properties  of  the  metal.*  These  latter  sources  of  dissipation  are  functions  of  the  time, 
and  are  absent  when  the  magnetic  change  occurs  indefinitely  slowdy :  their  effects  do 
not  appear  in  the  cyclic  curves  of  3  and  £  when  we  leave  a  sufficient  interval  after 
each  change  of  £  before  taking  a  reading  of  3-  The  former,  however,  is  independent 
of  the  rate  of  magnetisation,  the  hysteresis  to  which  it  is  due  being  a  static  pheno¬ 
menon ;  and  if  we  accept  the  idea  that  the  magnetic  molecules  of  Weber,  have  their 
rotation  opposed  by  a  species  of  static  friction,  the  dissipation  of  energy  we  are  now 
considering  is  the  work  done  in  forcing  them  to  rotate  back  and  forth  against  this 
friction. 

§  33.  Numerical  Values  of  J2k7£  for  various  Cycles. — Measurements  have  been 
made  of  the  values  of  J33d£  in  a  number  of  the  cycles  of  magnetisation  in  iron  and 
steel  which  have  been  already  described  and  figured.  These,  divided  by  4v,  give  the 
corresponding  values  of  J3>c££,  or  the  energy  expended,  in  c.g.s.  units  of  work  or 
ergs.,  in  carrying  one  cubic  centimetre  of  the  material  through  the  cycle  in  question. 


Ergs. 

(1)  For  the  large  cycle  of  fig.  4  (§  20),  produced  by  the  double  reversal  of 
magnetisation  in  a  piece  of  very  soft  annealed  iron  wire  from 
33=  13,450,  £=17-26,  to  33=  — 13,190,  £=  —  17-26,  and  back,  the 

value  of  pd£  is  . .  9,300 

(2)  For  the  small  loop  of  the  same  figure,  produced  by  removing  and 

restoring  the  magnetising  force  of  +17 "26,  the  value  of  J2>d£  is.  .  490 

(3)  For  the  large  cycle  of  fig.  5  (§  21),  produced  by  the  double  reversal  of 

magnetisation  in  a  less  soft  annealed  iron  wire,  from  33  —  15,710, 

£=22-27,  to  33=  — 15,550,  £=— 23"08,  and  back,  the  value  of 

J3d£  is .  16,300 

*  Sir  W.  Thomson,  Pliil.  Mag.,  vol.  v.,  1878,  pp.  24,  25. 
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Ergs. 

(4)  For  the  large  cycle  of  fig.  6  (§22),  produced  by  the  double  reversal  of 

magnetisation  in  a  piece  of  annealed  iron  wire  similar  to  the  above, 
but  between  higher  limits  of  magnetising  force,  namely,  from  .§  =  90 
to  —90,  and  back,  the  value  of  is . #  16,700 

(5)  For  the  upper  small  loop  of  fig.  6,  produced  by  removing  and 

restoring  the  magnetising  force  of  +90,  the  value  of  J3>d§  is  .  .  350 

(6)  For  the  cast-iron  ring  of  §  24,  fig.  7,  the  reversal  of  magnetisation 
from  the  greatest  positive  value  there  produced  to  an  equal  negative 

value,  and  back,  gives  as  the  value  of  |2>d§ .  6,100 

This,  however,  is  obviously  much  less  than  the  energy  which  would 
be  expended  in  a  double  reversal  of  magnetisation  in  cast-iron,  were 
the  magnetisation  as  nearly  complete  as  in  the  experiments  on 
wrought  iron  and  steel. 

The  above  values  of  the  energy  dissipated  in  producing  cyclic 
changes  of  magnetisation  are  greatly  exceeded  when  the  material  is 
steel. 

(7)  For  the  hard-drawn  steel  wire  of  §  25,  fig.  8,  the  double  reversal  of 


magnetisation  between  the  extreme  positive  and  negative  limits 

about  14,600,  §  =  57’5),  gives  for  the  value  of  J2>(7§ .  .  .  .  60,000 

And  the  small  loop,  for  the  removal  and  restoration  of  §  in  the 
same  experiment,  on  the  positive  side,  gives .  6,300 

(8)  The  corresponding  quantities  in  the  case  of  the  same  steel  wire, 

annealed  (§  26,  fig.  9),  are  : — 

For  the  double  reversal . J2>d§  =  70,500 

For  the  small  loop . j2>d§  —  1,800 

(9)  A.nd  in  the  case  of  the  same  steel  wire,  glass-hardened  (§  27,  fig.  10): 

For  the  double  reversal . J2>d§  =  76,000 

For  the  small  loop . J<3d§  =  700 


In  this  case,  as  in  the  case  of  cast-iron,  the  magnetisation  was  so 
far  from  “  saturation  ”  that  a  comparison  of  the  above  values  of 
the  integral  with  those  of  other  experiments  would  be  unfair. 

In  the  three  next  examples  the  magnetising  force  was  much 
greater  than  in  the  above,  and  the  energy  expended  in  going 
through  the  cycles  was  also  greater.  The  measurements  are  those 
of  §§  28-30,  figs.  11,  12,  and  13,  the  material  being  pianoforte  steel, 
and  the  magnetising  force  ranged  from  +100  to  — 100  nearly. 

*  This  value  was  inadvertently  given  as  1670  instead  of  16,700,  in  a  paper  read  before  the  British 
Association  at  Southport  (Report  for  1883,  p.  404),  and  reprinted  in  the  Phil.  Mag.  for  November,  1883, 
p.  383. 
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(10)  Pianoforte  steel  at  normal  temper  (fig.  11)  : —  Ergs. 

For  the  double  reversal . J3>d«!p  =116,000 

For  the  small  loop . =  3,500 

(11)  The  same,  annealed  (fig.  12)  : — 

For  the  double  reversal . =  94,000 

For  the  small  loop . —  5,000 

(12)  The  same,  glass-hardened  (fig.  13)  : — 

For  the  double  reversal . J =117,000 

For  the  small  loop . J3c£<§  =  2,500 


The  following  measurements  are  taken  from  the  experiment  of  §  31,  fig.  14,  in 
which  an  iron  wire  was  subjected  to  a  large  cycle  of  magnetisation  first  in  the 
annealed  state,  and  then  again  after  being  stretched  considerably  beyond  its  limit  of 
elasticity.  The  values  of  jpdjo  (for  a  double  reversal  of  the  greatest  intensity  of 
magnetisation)  are  : — 

(13)  For  the  wire  before  stretching .  10,000  ergs. 

(14)  For  the  same  wire  after  stretching  .  .  .  .  16,400  ,, 

The  difference  is  considerable,  but  it  is  scarcely  so  striking  as  the  other  differences  in 
magnetic  behaviour  which  have  been  described  in  §  31  above. 

Heating  effect  of  cyclic  changes  of  Magnetism. 

§  34.  The  energy  expended  in  a  cyclic  process  of  magnetisation  can  take  no  other 
form  than  that  of  heat,  diffused  throughout  the  substance  of  the  metal.  Experiments 
have  been  made  by  Joule  and  others  to  determine  by  direct  observation  the  heating 
effect  of  magnetisation  in  iron.*  In  most  direct  measurements  of  this  quantity  no  dis¬ 
tinction  is  made  between  the  heating  effect  due  to  the  induction  of  electric  currents 
and  that  due  to  changes  of  magnetisation  per  se,  and  so  excellent  an  authority  as  Pro¬ 
fessor  PtOWLAND,  writing  in  1881,  has  expressed  himself  as  doubtful  wdi ether  changes 
of  magnetisation,  considered  apart  from  the  currents  they  induce,  give  rise  to  any 
development  of  heat  at  all.t  But  no  direct  calorimetric  measurements  are  needed  to 
show  that  a  cyclic  process  of  magnetisation  does  give  rise  to  a  certain  development  of 
heat,  even  if  it  be  performed  so  slowly  as  to  make  the  dissipation  of  energy  through 

*  Joule,  Phil.  Mag.,  xxiii.,  1843;  Grove,  Phil.  Mag.,  xxxv.,  1849;  Villari,  ‘  Nnovo  Cimento,’  1870; 
Cazin,  Ann.  de  Chim.  et  de  Phys.,  1875 ;  Trowbridge,  Proc.  Amer.  Acad,  of  Arts  and  Science,  1879. 
Other  references  are  given  by  Warburg  in  the  paper  cited  in  the  text. 

t  “  I  do  not  mean  to  here  affirm  that  no  heat  can  be  due  to  the  demagnetisation  alone,  but  that  we 
have  at  present  no  experimental  proof  of  such  direct  transformation.  All  the  experiments  hitherto 
made  have  merely  given  ns  the  heating  due  to  induced  currents.” — Rowland,  ‘  Scientific  American, 
Supplement,’  Nov.  5,  1881. 
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the  induction  of  currents  vanish.  The  positive  value  which  the  integral  — 
always  has  is  of  itself  conclusive  evidence,  and  the  magnitude  of  this  quantity  can  be 
determined  in  absolute  measure  with  an  accuracy  which  would  be  unattainable  in 
direct  measurements  of  the  heating  effect  which  it  represents.  Warburg,  who  has 
made  determinations  of  the  value  of  —  in  certain  cases,  has  (along  with 

L.  Honig,  Wied.  Ann.,  xx.,  1883,  p.  814)  compared  them  with  the  results  of  direct 
calorimetric  measurements,  the  difficulty  of  which  is  well  illustrated  by  the  poor 
agreement  he  finds  between  the  two  classes  of  observations.* 

From  the  values  given  above  for  the  integral  — J2><Ap  we  may  easily  calculate  the 
rise  of  temperature  which  a  piece  of  iron  or  steel  suffers  when  subjected  to  the  cyclic 
changes  of  magnetism  to  which  these  values  refer.  Let  us  assume  that  the  operation 
is  conducted  so  slowly  that  — represents  the  whole  work  done,  and  that  the  heat 
produced  is  prevented  from  leaving  the  metal.  Then,  taking  Joule’s  equivalent  as 
41,600,000  ergs,  per  gramme-degree  (centigrade),  the  specific  gravity  of  the  metal  as 
77,  and  its  specific  heat  as  0- 11,  we  have — 

Itise  of  temperature  for  every  erg.  expended  per  cubic  centimetre 

1 

_ 41,600,000X77_X0T1 

=  2'84  X  10~8 

in  degrees  centigrade. 

We  have  seen  that  the  double  reversal  of  a  strong  condition  of  magnetism  in  soft 
iron  involves  the  expenditure  of  about  10,000  ergs,  per  cubic  centim.,  and  the  con¬ 
sequent  rise  of  temperature  is  therefore  0'000284°  C.  Nearly  4000  double  reversals 
of  a  magnetic  state  approaching  saturation  would  therefore  be  necessary  to  raise  the 
temperature  of  a  piece  of  soft  iron  by  1°  C.,  if  we  could  eliminate  the  action  of 
induced  currents  in  the  metal. 

The  largest  of  the  values  given  above  (for  the  case  of  hard  steel)  is  117,000 
ergs.,  which  corresponds  to  a  rise  of  temperature  of  0-0033°  C.  per  cycle.  The 
rise  in  other  instances  of  reversal  of  magnetism,  and  that  caused  by  removal  and 
reapplication  of  the  magnetising  force,  may  easily  be  found  from  the  figures  already 
given. 

These  developments  of  heat  are  so  small  as  to  make  it  apparent  that  the  very  con¬ 
siderable  thermal  effects  which  reversal  of  magnetism  causes  in  the  revolving  cores  of 
some  dynamo-electric  machines  must  be  due  almost  wholly  to  the  internal  induction 
of  currents,  so  far  as  they  are  not  due  directly  to  the  current  circulating  in  the  coils 

*  Another  direct  method  of  observing  experimentally  the  dissipation  of  energy  involved  in  cyclic 
changes  of  magnetism  is  to  measure  the  “  damping”  of  a  swinging  magnet  by  the  induction  of  magnetism 
in  an  iron  plate  placed  near  it ;  but  this  also  depends  lai’gely  on  the  induction  of  currents.  Cf  ■  Warburg, 
loc.  cit.,  also  E.  Himstedt,  Wied.  Ann.,  xiv.  (1881).  Himstedt  has  concluded  from  an  experimental 
examination  that  the  greatest  part  of  this  damping  is  due  to  what  I  term  statical  hysteresis,  for  the 
effects  were  found  to  be  in  great  measure  independent  of  the  frequency  of  vibration  of  the  needle. 
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of  the  armature.  The  experiments  have  a  practical  value  in  showing  that  cores 
which  are  so  thoroughly  laminated  as  to  render  the  induction  of  currents  within  them 
unimportant,  do  not  involve  any  serious  loss  of  energy,  and  that  the  efficiency  of  a 
machine  with  a  soft  iron  core  or  cores  whose  magnetism  is  periodically  reversed  need 
not,  on  that  account,  be  materially  less  than  that  of  a  machine  which  has  no  such 
cores.  The  absence  of  iron  from  the  armature  has  been  claimed,  on  the  score  of 
efficiency,  as  an  important  advantage  possessed  by  some  types  of  machine,  but  unless 
the  claim  has  some  other  basis  it  appears  to  me  to  be  illusory.  Magnetic  reversal 
does  involve  some  loss  of  energy,  but  if  the  cores  are  properly  laminated  so  that  the 
loss  consists  almost  entirely  of  the  quantity  —  it  is  so  small  as  to  be  practically 

insignificant. 

I  shall  show  later  that  when  a  cycle  of  magnetisation  is  performed  while  the  iron  is 
kept  in  a  state  of  mechanical  vibration  the  value  of  — J2>c?<§  is  much  less  than  when 
the  same  cycle  is  performed  with  the  metal  in  a  state  of  rest,  and  indeed  almost 
vanishes  in  soft  iron.  Hence,  in  a  dynamo,  where  vibration  occurs  to  a  greater  or 
less  degree  whenever  the  machine  is  running,  the  energy  dissipated  through  changes 
of  magnetisation  is  even  less  than  these  experiments  on  still  metal  might  lead  us 
to  expect. 

[Note  added  March  25,  1886. — The  heating  effect  of  cyclic  changes  of  magnetism, 
especially  of  reversals,  is  important  from  a  practical  point  of  view  not  only  in  relation 
to  dynamo- electric  machines,  but  also  to  “  secondary  generators,”  or  induction  coils 
for  the  distribution  of  electrical  energy  by  electromagnetic  induction.  In  §  52 
(below)  mention  will  be  found  of  occasional  evidence  which  these  experiments 
furnished  that  there  is  a  true  time  lag  in  the  magnetisation  of  iron  :  in  other  words, 
that  there  is  a  certain  degree  of  viscous  as  well  as  static  hysteresis  in  the  relation  of 
magnetism  to  magnetising  force.  Soft  iron,  especially  in  early  stages  of  magnetisa¬ 
tion,  exhibits  a  sluggishness  in  assuming  the  magnetic  state  proper  to  the  magnetising 
current — a  sluggishness  which  does  not  appear  explicable  as  an  effect  of  the  induction 
of  currents  within  the  substance  of  the  iron,  nor  as  due  to  the  self-induction  of  the 
magnetising  circuit.  The  result  of  this  magnetic  viscosity  is  to  augment  the  value  of 
—  in  any  rapidly  performed  cycle,  and  consequently  to  increase  the  evolution  of 
heat.  It  seems  highly  probable  that  in  the  comparatively  slow  reversals  of  mag¬ 
netism  which  the  core  of  a  dynamo  armature  undergoes  the  additional  dissipation  of 
energy  due  to  this  cause  is  scarcely  sensible.  In  the  case  of  “  secondary  generators,’ 
however,  where  reversals  of  magnetism  occur  far  more  rapidly,  there  is  nothing  to 
show  that  this  source  of  loss  is  not  a  sensible  portion  of  the  whole  ;  but  the  high 
efficiency  which  this  kind  of  apparatus  has  been  proved  capable  of  makes  it  at  least 
clear  that  the  magnetic  viscosity  of  the  core  gives  rise  to  no  very  serious  loss  of 
power. 

In  connexion  with  “  secondary  generators  ”  and  induction  coils  generally,  the 
bearing  of  the  first  part  of  this  paper  should  be  noted,  as  showing  the  enormous 
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advantage  which  a  ring-shaped  core,  or  core  forming  a  complete  magnetic  circuit, 
possesses  over  a  short  bar  core  with  ends.  In  an  ordinary  induction  coil,  so  long  as 
the  current  in  the  primary  circuit  is  merely  made  and  broken,  a  short  core  is 
necessary,  since  a  ring  core  would  lose  but  a  small  percentage  of  its  magnetism  at 
each  break ;  but  where  reversal  of  the  magnetising  current  takes  place  a  core 
approximating  to  the  condition  of  endlessness  has  an  advantage,  in  respect  of  power, 
which  fig.  3  makes  obvious.] 

§  35.  Heating  Effect  of  Lower  Cycles. — In  most  of  the  examples  cited  above  (§  33), 
in  which  the  energy  expended  in  cyclic  changes  of  magnetisation  has  been  determined, 
the  magnetisation  was  strong,  lying  in  the  region  of  so-called  saturation.  It  seemed 
desirable  to  measure  the  energy  expended  in  carrying  iron  and  steel  through  double 
reversals  of  weaker  magnetisation,  and  accordingly  the  two  following  special  experi¬ 
ments  were  made. 

In  the  first  a  piece  of  annealed  iron  wire,  0-0.78  centim.  in  diameter  and  29  centims. 
long,  was  tested  by  the  direct  magnetometric  method.  Starting  initially  with  a  state 
of  no  magnetisation,  the  magnetising  force  was  slowly  raised  to  1‘5,  then  slowly 
reversed  to  — 1‘5,  and  then  slowly  re-reversed  to  1‘5,  numerous  intermediate  observa¬ 
tions  of  3  and  >§  being  made.  The  curves  showing  the  relation  of  3  to  <§  in  this 
process  were  afterwards  plotted,  and  the  area  enclosed  by  them  was  measured.  Then 
the  magnetising  force  was  further  increased  to  I ’95,  and  another  cycle  performed  by 
reversing  and  re-reversing  it.  Next  it  was  raised  to  2 ’5 6,  and  another  cycle  performed 
by  double  reversal.  Next  to  3 ’01,  when  another  cycle  was  performed,  and  so  on,  until 
the  last  double  reversal  took  place  between  the  values  +  75 '2  and  — 75'2  for  <§.  In 
this  way  10  areas  were  measured,  giving  10  values  of  the  energy  expended  in  reversing 
and  re-reversing  the  magnetisation  of  the  wire  at  different  grades  of  intensity.  The 
whole  process  is  shown  graphically  in  Plate  60,  fig.  15,  which  is  a  very  much  reduced 
version  of  the  diagram  by  help  of  which  the  areas  were  measured.  It  would  take  too 
much  space  to  reproduce  here  all  the  readings  taken  in  determining  these  curves,  as  no 
fewer  than  338  corresponding  values  of  the  magnetisation  and  the  magnetising  field 
were  measured.  The  following  are  the  values  of  3,  33,  and  >§  at  the  successive  points 
at  which  the  magnetism  was  reversed  in  sign,  and  the  corresponding  values  in  ergs 
of  —  for  the  operation  of  double  reversal.  The  last  column  gives  the  rise  of 
temperature  caused  by  one  complete  operation  of  double  reversal  of  magnetism. 
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Graded  Cyclical  Magnetisations  of  Soft  Iron,  Plate  60,  fig.  15. 


A 

ss. 

3- 

-J3<7A 

Calculated  rise  of 
temperature. 

1-50 

1,974 

157 

ergs. 

410 

deg.  C. 
0-000012 

1-95 

3,830 

304 

1,160 

0-000033 

2-56 

5,950 

473 

2,190 

0-000062 

3-01 

7.180 

571 

2,940 

0-000083 

3-76 

8,790 

699 

3,990 

0-000113 

4-96 

10,590 

842 

5,560 

0-000158 

6-62 

11.480 

913 

6,160 

0-000175 

7-04 

11,960 

951 

6,590 

0-000187 

26-5 

13,700 

1090 

8,690 

0-000247 

75-2 

15,560 

1230 

10,040 

0"000285 

If  the  relation  of  j3c?>@  for  double  reversals  of  $  to  the  value  of  <§  at  which  reversal 
takes  place  be  plotted,  it  will  be  seen  that  the  values  of  the  integral  appear  to  be 
approaching  a  limiting  value,  and  the  general  form  of  the  curve  is  not  very  different 
from  that  of  a  curve  of  3  and  or  33  and  By  plotting  J3d>§  and  3  it  in  ay,  how¬ 
ever,  be  shown  that  (except  at  the  very  beginning  of  the  curve)  the  values  of  the 
integral,  as  the  loops  become  larger,  increase  less  rapidly  than  the  values  of  3  between 
which  reversal  is  made  to  take  place. 

§  36.  Graded  Cyclical  Magnetisations  of  Steel. — A  similar  experiment  was  made, 
also  by  the  direct  magnetometric  method,  with  a  piece  of  annealed  pianoforte  steel 
wire,  0'0  7  8  centim.  hr  diameter,  and  32  centims.  in  length.  Seven  double  reversals 
were  effected  with  magnetising  forces  graded  up  to  82  c.g.s.  units.  The  resulting- 
relations  of  3  and  are  shown  in  Plate  60,  fig.  16.  The  loops  formed  by  double 
reversal  of  <£  were,  especially  with  low  values  of  <§,  far  from  closed  (the  same  char¬ 
acteristic  is  noticeable  in  the  curves  for  steel  which  have  been  already  described), 
and  for  that  reason  the  experiment  scarcely  allows  comparative  measurements  of  the 
successive  areas  to  be  made. 

A  noticeable  feature  in  this  diagram  is  the  want  of  symmetry  between  the  positive 
and  negative  sides.  The  positive  values  of  3?  coming  as  they  did  first,  are  greater 
than  the  negative  values  induced  by  an  opposite  and  equal  <§.  This  characteristic  is 
very  conspicuous  in  the  early  parts  of  the  operation,  but  disappears  when  the  magne¬ 
tisation  becomes  strong.  The  same  feature  is  present  in  many  other  diagrams. 

Ratio  of  Residual  to  Total  Induced  Magnetism  in  Iron  and  Steel. 

§  37.  The  large  fraction  of  the  whole  magnetisation,  which  was  found  to  survive 
the  removal  of  magnetising  force,  especially  in  annealed  iron,  has  already  been  alluded 
to.  A  series  of  special  experiments  were  made  to  determine  the  amounts  of  residual 
magnetism  in  various  specimens  of  iron  and  steel,  when  the  induced  magnetism  was 
varied  within  widely  different  values. 
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These  experiments  were  in  most  cases  made  by  the  direct  magnetometric  method. 
A  straight  piece  of  wire,  long  enough  to  approximate  as  nearly  as  was  practicable  to 
the  condition  of  endlessness,  was  hung  vertically  behind  the  magnetometer  in  the 
manner  described  in  §  18.  The  magnetising  force  was  applied  by  means  of  a  solenoid 
wound  close  to  the  wire,  while  the  vertical  component  of  the  earth’s  field  was 
neutralised  by  maintaining  a  constant  current  of  the  necessary  strength  in  another 
solenoid  wound  on  a  tube  which  enclosed  the  first.  The  correct  value  of  the  current 
in  the  second  solenoid  was  calculated  with  reference  to  the  known  value  of  the  earth’s 
force,  and  then  verified  experimentally  by  subjecting  to  the  process  of  demagnetising 
by  reversals  (§19)  a  long  piece  of  soft  iron  in  the  interior.  This  process  gives 
complete  demagnetisation  when  the  piece  subjected  to  it  lies  in  a  perfectly  neutral 
field,  but  leaves  a  large  residue  when  the  field  is  not  fairly  balanced.  It  thus  affords 
an  accurate  test  of  the  exact  neutralisation  of  the  earth’s  vertical  component. 

In  some  instances  the  ballistic  method  was  used,  and  then  the  rods  experimented  on 
were  laid  at  right  angles  to  the  terrestrial  magnetic  field.  A  few  experiments  were 
also  made  by  the  ballistic  method  on  rings.  The  results  obtained  from  long  rods  by 
the  two  methods,  and  those  from  rings,  were  in  substantial  agreement. 

Plate  60,  fig.  17,  shows  an  actual  example  of  the  direct  magnetometric  method  of 
investigating  the  ratio  of  residual  to  temporary  magnetisation.  Starting  from  a  state 
of  no  magnetism,  a  force  was  applied  and  removed,  then  again  applied  and  carried 
to  a  somewhat  higher  value,  again  removed,  again  reapplied  and  carried  to  a  somewhat 
higher  value,  again  removed,  and  so  on.  The  application  and  removal  of  the  force  was 
conducted  very  gradually,  and  in  this  particular  example  intermediate  readings  of  the 
magnetism  during  the  application  and  removal  were  taken,  from  which  the  curves  in 
fig.  17  have  been  plotted.  Generally,  however,  only  the  induced  and  the  residual 
magnetism  for  each  stage  in  the  increase  of  <§  were  determined.  The  following  table 
gives  the  successive  values  of  the  applied  force  <§,  the  intensity  of  induced  magnetism, 
and  the  residual  magnetism  which  survived  the  removal  of  the  force,  and  finally  the 
ratio  of  the  residual  to  the  induced  or  temporary  magnetism.  This  ratio  increases 
with  increased  strengths  of  magnetisation,  and  in  this  case  does  not  pass  a  maximum 
even  at  the  highest  value  of  >§.  The  piece  tested  here  was  the  soft  annealed  iron 
wire  of  fig.  5  (§  21),  0'077  centim.  in  diameter,  and  30‘5  centims.  or  400  diameters  in 
length. 
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Induced  and  Residual  Mao-netism  in  Soft  Iron,  Plate  60,  fig.  17. 

O  '  '  O 
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SB 

induced. 

S3 

residual. 

Ratio  of 

33  residual 
to 

SB  induced. 

1-34 

413 

165 

0-400 

3-33 

6,690 

5,660 

0-846 

4-88 

11,910 

10,790 

0-906 

6-80 

14,060 

13,060 

0-921 

8-43 

14,800 

13,640 

0-922 

13-74 

15,670 

14,550 

0-926 

22-37 

16,080 

15,010 

0-933 

The  ratio  in  this  example  is  slightly  greater  than  I  ever  observed  it  in  other  cases, 
though  values  of  0‘87  and  even  O^O  were  not  uncommon,  and  in  one  other  example 
0'92  was  exceeded.  It  appears  to  be  approaching  a  maximum.  In  many  other 
instances,  which  will  be  cited  below,  this  maximum  was  actually  passed,  by  using 
sufficiently  great  magnetising  forces. 

§  38.  The  series  of  double  loops  described  in  §  35,  and  shown  in  fig.  15,  give  another 
set  of  values  of  residual  and  temporary  magnetism  corresponding  to  a  greater  set 
of  values  of  <§,  in  an  annealed  iron  wire  (length  =29  centims.,  diameter  =  0'078  centim.). 
The  following  are  the  values  they  yield  of  <§,  3  (induced)  and  the  ratio  of  the  residual 
to  the  induced  value  of  3-  The  figures  given  refer  to  the  positive  side  of  the 
diagram. 

Induced  and  Residual  Magnetism  in  Soft  Iron,  Plate  60,  fig.  15. 
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induced. 

Ratio  of 
residual  to 
induced. 

1-50 

157 

0-651 

1-95 

304 

0-781 

2-56 

473 

0-824 

3-01. 

571 

0-842 

3-76 

699 

0-837 

4-96 

842 

0-836 

6-62 

913 

0-825 

7-04 

951 

0-805 

26-5 

1090 

0-753 

75-2 

1230 

0-683 

Here  a  distinct  maximum  is  passed,  when  the  ratio  is  about  0'84,  after  which  it  falls 
very  considerably  as  the  magnetising  force  is  strengthened. 

§  39.  As  an  example  of  the  ballistic  method  the  case  may  be  cited  of  a  ring  of  iron 
wire  0'248  centim.  in  diameter,  the  diameter  of  the  ring  being  8 ’3  centims.  The 
following  values  were  obtained  : — 


RESEARCHES  IN  MAGNETISM. 


559 


Ratio  of  residual 
to  induced. 

070 

0-165 

0-95 

0-172 

1-36 

0-183 

1-68 

0-353 

2-31 

0-537 

275 

0-577 

321 

0-671 

378 

0729 

4-62 

0-774 

5-35 

0-803 

6-41 

0-818 

715 

0-825 

870 

0-829 

§  40.  The  following  series  of  determinations  of  total  and  residual  magnetism 
was  made  by  the  direct  magnetometric  method  with  another  annealed  iron  wire, 
0'078  centim.  in  diameter,  and  28 '7  centime,  in  length.  The  results  are  given 
numerically  in  the  table  below.  Here  the  maximum  in  the  ratio  was  0’906,  but  the 
subsequent  falling  off  in  its  value  was  less  than  in  the  former  case  (§  38),  as  the 
magnetising  force  was  not  raised  so  far. 
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induced. 
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residual. 

Ratio  of 
residual  to 
induced. 

0-86 

26 

6 

0-250 

1-48 

67 

26 

0-381 

1-98 

164 

96 

0-598 

2-66 

478 

378 

0-793 

3-24 

680 

574 

0-843 

3-78 

802 

696 

0-868 

429 

888 

786 

0-884 

4-86 

956 

859 

0-899 

5-40 

991 

898 

0-906 

6'05 

1036 

918 

0-890 

6-81 

1067 

946 

0-883 

7-56 

1100 

966 

0-881 

9-29 

1142 

997 

0-873 

11-20 

1166 

1014 

0-868 

12-64 

1180 

1023 

0-868 

14-59 

1196 

1033 

0-863 

15-49 

1203 

1034 

0-861 

17-24 

1212 

1042 

0.859 

In  another  experiment  the  ratio  of  residual  to  induced  magnetism  in  an  annealed 
iron  wire  passed  a  maximum  of  0‘885  with  <§  =  6,  and  fell  to  0'779  with  .§=90. 

§  41.  Another  very  extensive  series  of  observations  of  this  ratio  was  made  on  the 
annealed  iron  wire  of  §  31,  both  before  and  again  after  it  was  hardened  by  stretching, 
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as  described  in  that  paragraph.  The  influence  of  stretching  in  reducing  the  reten¬ 
tiveness  as  well  as  the  magnetic  susceptibility  of  the  iron  is  very  remarkable.  Here, 
again,  the  method  was  the  direct  magnetometric  one. 


Soft  Iron  Wire,  Annealed  and  Hardened  by  Stretching,  Plate  59,  fig.  18. 
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After  stretching. 
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These  results  are  also  shown  in  Plate  59,  fig.  18,  where  the  full  lines  exjDress  in  terms 
of  $  the  values  of  the  induced  and  residual  magnetism,  and  their  ratio,  before 
stretching,  and  the  dotted  lines  show  the  corresponding  quantities  after  stretching. 
The  maximum  which  the  ratio  of  residual  to  temporary  magnetism  passes  is  even 
more  distinctly  marked  in  the  hardened  than  in  the  annealed  condition.  The  curves 
of  fig.  18  show  very  clearly  that  the  residual  magnetism  approaches  saturation  much 
sooner  than  the  induced  magnetism  does,  as  <§  is  increased.  In  the  region  of  strong 
force,  while  the  curves  of  induced  magnetism  are  still  rising  considerably,  the  curves 
of  residual  magnetism  are  running  very  nearly  parallel  to  the  axis  of  <§,  and  it  is  to 
this  that  the  maximum  in  the  ratio  is  due. 
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§  42.  Several  experiments  with  other  pieces  of  iron  wire,  first  annealed  and  then 
hardened  by  stretching,  have  fully  confirmed  the  results  of  the  preceding  paragraph. 
Plate  61,  fig.  19,  shows  the  relations  of  induced  and  residual  magnetism,  and  of  their 
ratio,  to  magnetising  force  in  another  piece  of  stretched  iron  wire,  which  was  much 
more  strongly  magnetised  than  the  wire  in  the  former  example.  Here  the  ratio,  after 
touching  a  maximum  of  0‘6  with  >§  =  9,  fell  to  0'32  when  the  magnetising  force  was 
raised  to  9  2. 

Other  experiments  on  the  same  subject  will  be  found  below  in  §§  109-112,  where 
the  influence  of  stress  on  the  ratio  of  residual  to  induced  magnetism  is  considered. 

§  43.  My  experiments  were  better  adapted  for  finding  the  proportion  of  residual  to 
temporary  magnetism  when  the  magnetisation  was  moderately  strong  than  when  it 
was  very  feeble.  So  far  as  can  be  judged  from  the  curves  and  figures  given  above,  the 
ratio  is  initially  zero,  that  is  to  say,  the  earliest  developments  of  magnetism,  induced 
by  a  magnetising  force  rising  from  nothing,  are  entirely  temporary,  and  disappear 
altogether  when  the  force  is  withdrawn.  But  these  experiments  are  inconclusive  on 
this  point,  though  they  show  distinctly  that,  in  any  case,  very  weak  magnetisa¬ 
tion  is  very  slightly  retained  when  the  magnetising  force  is  withdrawn,  even  by 
specimens  of  iron  which  will  retain  as  much  as  90  per  cent,  of  stronger  magnetisation. 
In  steel  the  absence  of  retentiveness  at  low  magnetising  forces  is  still  more  marked. 
It  is  clear  from  this  that  if  we  are  to  ascribe  retentiveness  to  a  frictional  sticking  of 
the  displaced  molecules,  we  must  complicate  the  hypothesis  by  believing  that  all  or 
some  of  the  molecules  have  a  certain  range  of  possible  displacement  within  which 
this  friction  does  not  act,  or  that  some  of  them  are  free  from  frictional  retardation. 

§  44.  Ratio  of  Residual  to  Induced  Magnetism  in  Steel. — Corresponding  observations 
were  made  on  pianoforte  steel,  in  the  three  states  already  mentioned,  namely,  in  the 
normal  commercial  temper,  annealed,  and  glass-hardened  by  sudden  cooling.  The 
wires  tested  were  in  each  case  078  mm.  diameter  and  about  30  centims.  long. 

For  pianoforte  steel  in  its  normal  temper  we  have  the  following  values  of  induced 
and  residual  magnetism  for  a  graded  set  of  values  of  .§.  The  ratio  here  passes  a 
distinct  maximum,  and  (in  conformity  with  what  has  just  been  said)  is,  in  the  early 
part  of  the  experiment,  exceedingly  small.  The  following  are  the  actual  magneto¬ 
meter  readings,  corrected  for  the  electromagnetic  action  of  the  magnetising  solenoid. 
To  reduce  them  to  they  have  only  to  be  multiplied  by  6-06. 
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Pianoforte  Steel  Wire,  Normal  Temper,  Plate  61,  fig.  20. 
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0-841 

70-2 

172-6 

143-9 

0-830 

78-0 

176-0 

146-0 

0-829 

90-9 

182-1 

1490 

0-818 

This  experiment  is  shown  graphically  in  fig.  20,  where,  as  in  the  former  cases, 
curves  are  given  showing  the  relation  of  2>  induced,  3  residual,  and  their  ratio,  to  §. 

§  45.  Plate  61,  fig.  21,  gives  in  the  same  way  the  corresponding  results  for  a  piece  of 
the  same  pianoforte  steel  wire,  annealed.  Here  the  ratio  of  residual  to  temporary 
magnetism  touches  a  maximum  of  0'805  with  ,§  =  23,  and  falls  to  071  with  §  =  97. 

§  46.  Finally,  Plate  61,  fig.  22,  gives  corresponding  results  for  a  piece  of  the  same 
steel  wire,  glass-hardened.  Here  even  the  strongest  magnetising  force  used  did  not 
saturate  the  wire  sufficiently  to  allow  the  maximum  in  the  ratio  of  residual  to  induced 
magnetism  to  be  very  distinctly  passed.  It  appears,  however,  to  have  been  reached, 
and  its  value  was  0'69. 

§  47.  Summary  of  Conclusions  as  to  the  Ratio  of  Residual  to  Induced  Magnetism 
in  Iron  and  Steel. — The  results  of  this  section  of  the  experiments  may  be  summarised 
as  follows  : — 

(1)  When  the  induced  magnetisation  of  iron  or  steel  is  very  weak  it  almost  all 
disappears  on  the  removal  of  the  inducing  field. 

(2)  When  it  is  increased  its  capability  of  being  retained  also  increases,  very 

rapidly,  and  the  ratio  of  residual  to  induced  magnetism  reaches  a  maximum. 
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(3)  Roughly  speaking,  the  intensity  of  magnetisation  at  which  this  maximum  in 

the  ratio  appears  is  in  the  region  of  what  Wiedemann  has  called  the 
“  Wendepunct,”  or  point  at  which  the  ratio  of  3  to  is  a  maximum  (the 
point  at  which  a  tangent  drawn  through  the  origin  meets  the  curve 
connecting  3  and  .§.) 

(4)  The  value  of  the  maximum  in  the  ratio  of  residual  to  induced  magnetism  is 
from  0-84  to  0'93  in  annealed  iron,  nearly  as  great  in  annealed,  hardened,  or 
tempered  steel,  but  much  less  in  hard-drawn  iron,  where  its  value  is  more 
like  0'6. 

(5)  As  the  magnetisation  is  further  increased  the  residual  magnetism  approaches 

saturation  more  rapidly  than  the  induced,  and  consequently  this  ratio 
diminishes — slightly  in  soft  iron,  more  in  steel,  and  much  more  in  hard- 
drawn  iron. 

By  induced  magnetism,  in  the  above  statements,  is  meant  the  value  of  3  which  is 
induced  when  a  magnetising  force  is  applied  gradually,  and  without  mechanical 
disturbance,  the  piece  under  test  being  initially  in  a  neutral  state. 

By  residual  magnetism  is  meant  the  value  of  3  which  remains  when,  after  being  so 
applied,  the  magnetising,  force  is  removed  gradually,  and  without  mechanical  dis¬ 
turbance. 

No  magnetising  force  must  act  on  the  piece  except  the  assumed  force  <£>,  and 
consequently  the  conditions  of  the  experiment  are  realised  only  when  we  use  either 
endless  magnets  or  magnets  of  such  length  that  the  field  produced  by  the  ends  is 
sensibly  inoperative  throughout  the  greater  part  of  their  length.  These  conditions 
were  fulfilled  in  the  experiments  which  have  been  described,  as  far  as  it  seems 
practically  possible  to  fulfil  them.  Any  actual  sample  of  iron  must  be  only  imperfectly 
homogeneous,  and  consequently  its  magnetisation,  in  a  uniform  field,  cannot  be 
uniform,  apart  from  the  action  of  the  ends.  Probably  no  form  of  specimen  can  be 
found  which  is  more  nearly  homogeneous,  and  at  the  same  time  uniform  in  section, 
than  the  form  chosen  in  these  experiments — a  drawn  wire  with  a  diameter  of  about 
one  millimetre. 

At  the  same  time,  the  magnetisation  of  these  wires,  though  perhaps  as  nearly 
uniform  in  the  central  part  of  their  length  as  is  practicable  in  any  experiment,  could 
not  have  been  absolutely  uniform,  nor  were  they  quite  free  from  self-demagnetising 
forces  when  the  field  due  to  the  solenoid  was  removed.  When  we  consider  that 
under  the  necessarily  imperfect  conditions  of  the  experiments  as  much  as  90  and 
even  93  per  cent,  of  the  magnetisation  of  soft  iron  was  retained  on  the  removal  of 
the  solenoid’s  magnetising  force,  it  seems  far  from  unlikely  that  soft  iron,  if  tested 
under  ideally  perfect  conditions,  would  be  found  to  have  perfect  retentiveness,  that  is 
to  say,  that  none  of  the  induced  magnetisation  would  disappear  on  the  gradual 
removal  of  all  inducing  force.  This  view  does  not  admit  of  experimental  verification 
or  disproval :  the  experiments  show  that  it  is  at  least  not  untenable. 
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Effects  of  Vibration  on  Induced  arid  Residual  Magnetism  in  Iron. 

§  48.  It  is  well  known  that  mechanical  disturbance  makes  iron  take  up  more 
magnetism  under  an  inducing  force  than  it  would  take  up  if  undisturbed,  and  that 
after  the  withdrawal  of  an  inducing  force  mechanical  disturbance  reduces  the  residual 
magnetism.  I  was,  however,  unprepared  to  find  these  effects  exhibit  themselves  so 
markedly  as  they  did  in  certain  specimens  of  annealed  iron. 

It  has  been  already  mentioned  (§  14)  that  after  an  annealed  wire  of  soft  iron  had 
been  magnetised,  and  the  magnetising  force  removed,  gentle  tapping  had  the  effect  of 
almost  completely  removing  the  residual  magnetism,  great  as  that  was.  In  fact,  in 
dealing  with  very  soft  annealed  iron,  I  generally  found  mechanical  vibration — produced 
by  gently  beating  against  the  table — to  be  the  most  convenient  way  of  restoring  the 
wire  under  test  to  its  original  neutral  condition  after  magnetisation.  The  residual 
magnetism  of  soft  iron  is  so  sensitive  to  disturbance  that  in  experiments  made  with 
the  view  of  observing  the  retentiveness  of  the  metal,  the  utmost  care  must  be  used 
to  avoid  accidental  errors  due  to  this  cause.  For  example,  a  long  rod  of  soft  iron,  to 
which  a  magnetising  force  had  been  applied  and  withdrawn,  leaving  about  90  per 
cent,  of  the  induced  magnetism  as  residual,  was  lying  on  a  table  in  the  laboratory,  an 
induction  coil  round  the  rod  being  in  circuit  with  a  ballistic  galvanometer.  A  person 
walking  quickly  along  a  neighbouring  corridor  caused  by  each  footstep  a  distinct 
transient  current  in  the  galvanometer,  due  to  the  shaking  out  of  successive  parts  of 
the  rod’s  residual  magnetism.  The  lightest  tap  or  even  rub  by  the  fingers  made  the 
magnetism  leave  the  rod  with  a  rush ;  and  during  the  application  of  magnetising 
force,  the  most  apparently  insignificant  disturbance,  occurring  when  the  magnetisation 
was  slight,  would  give  rise  to  an  enormous  increase  of  magnetism,  making  it  suddenly 
rise  twenty-fold  or  more.  For  these  reasons  it  is  necessary,  in  experiments  such  as 
those  which  have  been  described  in  the  preceding  part  of  this  paper,  to  guard  very 
rigorously  against  accidental  disturbance  of  the  piece  under  test.  Methods  of 
measurement  which  involve  the  removal  of  the  piece  from  the  magnetising  solenoid, 
or  its  movement  in  any  way,  before  the  magnetisation  is  determined,  are  quite 
out  of  the  question.  All  the  observations  already  described  were  made  after  I  had 
become  convinced  of  the  necessity  of  preventing  vibration,  by  supporting  the  rods 
and  rings  of  Aon  on  stone  columns,  detached  from  floors,  and  well  out  of  the  way  of 
passers-by. 

A  number  of  separate  experiments  were  carried  out  with  the  view  of  testing  more 
particularly  the  effects  of  mechanical  vibration  on  magnetic  susceptibility  and 
retentiveness.  The  results  are  given  below. 

§  49.  (March  17,  1882.)  A  long  wire  of  soft  iron,  annealed,  0T58  centim.  in 
diameter  and  64  centims.  or  400  diameters  in  length,  was  examined  as  follows  by 
the  ballistic  method.  The  magnetising  force  was  raised  by  steps  to  a  certain  value, 
at  which  the  magnetisation  was  determined  by  summing  up  the  ballistic  throws  due 
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to  the  successive  steps  by  which  the  magnetising  force  was  increased.  Up  to  this 
point  there  had  been  no  disturbance.  Then  the  wire  was  tapped,  or  rather  beaten 
smartly  against  the  table,  the  magnetising  force  being  kept  constant.  The  magnetisa¬ 
tion  was  then,  after  tapping,  measured  by  slipping  off  the  induction  coil.  Next,  the 
induction  coil  was  replaced  and  the  magnetising  force  again  raised  by  steps,  without 
disturbance,  to  a  new  value,  the  magnetisation  being  determined  as  before  by  summa¬ 
tion  of  throws.  Then  the  wire  was  again  tapped,  and  the  resulting  magnetism  again 
determined  by  slipping  off  the  induction  coil,  and  so  on.  A  similar  series  of  observa¬ 
tions  were  made  at  various  stages  during  the  removal  of  the  magnetising  force.  The 
results  are  given  below,  and  graphically  in  Plate  61,  fig.  23,  where  the  full  lines  show 
the  magnetic  changes  which  occurred  while  the  rod  was  left  undisturbed,  and  the 
broken  lines  those  which  were  produced  by  vibration.  At  the  outset  the  wire  had  a 
magnetism  (S3)  of  170,  not  extractable  by  tapping. 


Effects  of  Vibration  on  the  Magnetism  of  Soft  Iron,  Plate  61,  fig.  23. 
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It  is  in  the  early  part  of  the  curve,  the  part  where  (under  ordinary  conditions) 
the  magnetism  has  not  yet  begun  to  rise  rapidly,  that  the  effects  of  vibration  are  most 
remarkable.  At  later  points  the  effects  are  still  considerable,  until  we  reach  the 
region  of  approximate  saturation,  where,  as  might  be  expected,  vibration  produces 
little  change. 

The  form  should  be  noticed  which  the  curve  takes  at  each  place  when,  after  tapping, 
the  process  of  increasing  or  decreasing  43  is  resumed  without  mechanical  disturbance. 
Like  the  initial  part  of  a  normal  curve  of  magnetisation  these  portions  seem  to  start 
off  tangent  to  the  direction  along  which  4?  is  measured,  and  it  is  only  after  a  con¬ 
siderable  change  of  43  has  taken  place  that  the  magnetisation  begins  to  change  at  all 
rapidly.  This  characteristic  of  the  curves  affords  strong  confirmation  of  the  idea  that 
retentiveness  in  soft  iron  is  chiefly  due  to  a  resistance  to  the  rotation  of  Weber’s 
molecular  magnets  of  a  kind  resembling  the  static  friction  of  solid  bodies. 

§  50.  Magnetisation  of  soft  Iron  with  and  without  Vibration. — In  the  next  experi¬ 
ment  the  same  piece  of  soft  iron  was  again  tested  by  the  ballistic  method.  A  pair  of 
“  on”  and  “  off”  curves  were  taken  in  the  ordinary  way  without  vibration,  43  being 
raised  by  steps  to  16*8  and  reduced  by  steps  to  zero,  while  93  was  measured  by  the 
summation  of  throws.  Then,  after  the  residual  magnetism  had  been  removed  by 
tapping,  a  second  pair  of  “  on”  and  “  off”  curves  were  taken,  in  which  the  wire  was 
vigorously  tapped  at  each  value  of  the  magnetising  force,  and  the  resulting  magnetism 
determined  by  slipping  off  the  induction  coil.  The  former  pah*  are  shown  by  fall 

lines,  the  latter  by  broken  lines  ( - ),  in  Plate  61,  fig.  24.  Finally,  after  the 

magnetisation  was  again  raised  to  8000,  by  tapping  under  a  force  of  0‘6,  the  process 
of  magnetising  was  continued  without  vibration.  This  last  part  of  the  operation  is 
shown  by  the  dotted  line  ( . )  in  the  figure. 

It  will  be  seen  that  the  “on”  and  “off”  curves  with  vibration  are  nearly  coincident. 
The  following  readings  refer  to  the  “  on”  curve  with  vibration  : — 
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The  enormously  great  magnetic  susceptibility  which  soft  iron  exhibits  when 
vibrated  is  worthy  of  special  remark.  In  the  above  example  a  magnetising  force  of 
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only  0'5  c.g.s.  unit  gave  an  induction  (S3)  between  7000  and  8000,  or  say  half  the  greatest 
magnetisation  which  it  is  practicable  to  produce  by  the  strongest  forces.  The  sus¬ 
ceptibility  is  a  maximum  at  or  close  to  the  beginning  of  the  curve.  There  the  value 


23  .  3  . 

of  p.  or  -^-is  not  less  than  20,000,  and  that  of  k  or  ^  is  about  1600. 


$ 


The  slow  beginning  and  subsequent  rapid  rise  of  magnetism  which  is  characteristic 
of  the  process  of  magnetisation  when  performed  without  mechanical  disturbance  is 
entirely  absent  from  the  curve  taken  with  vibration,  but  reappears  when,  at  any  point 
in  the  vibration  curve,  we  stop  vibrating  and  continue  the  change  of  <§  with  the  metal 
in  a  state  of  rest.  The  great  retentiveness  shown  by  iron  at  rest  has  completely 
vanished.  At  the  highest  magnetising  force  reached  the  value  of  93  given  with 
vibration  is  only  a  little  greater  than  that  given  without  vibration.  This  difference 
would  probably  diminish  and  ultimately  disappear  (as  it  should  do  by  Weber’s 
theory)  if  a  very  strong  magnetising  force  were  applied. 

§  51.  Effects  of  Vibration  in  hard-drawn  Iron  and  in  Steel. — It  is  only  very  soft 
annealed  iron  that  exhibits  the  influence  of  vibration  in  so  marked  a  way.  A  piece 
of  iron  wire  cut  from  the  same  bundle  as  the  above,  but  not  annealed,  was  subjected 
to  the  same  set  of  changes  of  <§,  and  behaved  in  the  way  shown  in  Plate  61,  fig.  25. 
The  processes  were  the  same  as  in  the  example  just  quoted,  and  the  figure  explains 
itself.  Here  the  retentiveness,  though  much  reduced  by  vibration,  is  by  no  means 
destroyed,  and  a  decided  difference  is  found  between  the  “  on  ”  and  “  off”  curves  with 
vibration.  The  former,  too,  shows  a  certain  amount  of  inflexion  near  its  starting- 
point.  As  the  metal  is  here  in  the  hard-drawn  state  its  susceptibility  and  retentive¬ 
ness  (without  vibration)  are  much  less  than  when  annealed  (cf  §  31). 

In  steel,  whether  drawn,  annealed,  or  tempered,  the  effects  of  vibration  are  similar 
in  kind  to  those  shown  in  fig.  25. 

[Note  added  March  25,  1886. — A  point  of  practical  interest  in  this  connexion  is 
the  circular  magnetisation  of  iron  telegraph  lines  by  the  signalling  currents  which 
traverse  them,  and  the  consequent  retardation  of  signals.  It  was  pointed  out  by 
Fleeming  Jenkin  as  early  as  1865  *  that  the  experiments  of  Guillemin  showed  a 
greater  retardation  of  signals  on  land  lines  than  could  be  accounted  for,  on  Thomson’s 
theory,  by  the  electrostatic  capacity  and  resistance  of  the  lines  ;  and  it  is  now 
generally  recognised  that  this  additional  retardation  is  due  to  the  large  amount  of 
self-induction  which  a  telegraphic  circuit  exerts  on  account  of  the  circular  magnetisa¬ 
tion  of  the  iron  wire.  The  results  of  the  present  experiments  may  be  applied  to 
estimate  the  magnitude  of  the  effects  in  question.  In  circular  magnetisation  we  have, 
of  course,  the  condition  of  endlessness  very  perfectly  realised.  Moreover,  the  almost 
incessant  vibration  to  which  telegraph  lines  are  subject  must  have  the  effect  of 
increasing  the  magnetic  permeability  to  values  not  far  short  of  those  found  in  the 
above  experiments,  where  the  wires  were  tapped  during  the  application  of  magnetising 


*  “On  the  Retardation  of  Electrical  Signals  on  Land  Lines,”  Phil.  Mag.,  June,  I860. 
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force.  We  may,  as  an  extreme  case,  applicable  to  a  very  soft  iron  wire  strongly 
vibrated,  take  /x  as  20,000  for  any  magnetising  force  of  small  intensity.  Apply 
this  to  the  case  of  a  wire  of  ordinary  size,  say  4  mm.  in  diameter,  and  carrying  a 
current  of  one-tenth  of  an  ampere  or  O'Ol  c.g.s.  unit.  At  the  circumference  of  the 
wire,  where  the  magnetising  force  is  greatest,  its  value  is 

2C 


where  C  is  the  current  and  r  the  radius  of  the  wire  ;  and  this  value  is  independent 
of  the  distribution  of  the  current  throughout  the  section,  so  long  as  that  is 
symmetrical  with  regard  to  the  axis.  The  magnetising  force  is  therefore  equal  to 

2x0-01  , 

— — — =0T  c.g.s.  unit. 

With  fA=  20,000  this  gives  33  =  2000  as  the  value  of  the  magnetic  induction  in  the 
outermost  layer  of  the  metal — a  magnetisation  nearly  half  as  great  as  that  of  the 
armature  of  a  good  modern  dynamo  !  Along  with  this  circular  magnetisation  there  is 
combined,  in  wires  which  run  more  or  less  north  and  south,  a  longitudinal  magnetisa¬ 
tion  due  to  the  earth’s  field,  of  an  amount  comparable  with  the  above,  so  that  the 
actual  lines  of  induction  form  helices  whose  pitch,  besides  decreasing  from  the  axis 
towards  the  circumference  of  the  wire,  shortens  and  lengthens  with  every  fluctuation 
of  current. 

In  a  circuit  consisting  of  two  long  parallel  straight  aerial  conductors,  each  of 
radius  r  and  permeability  /x,  separated  by  a  distance  b,  Maxwell’s  formula  (‘Elec¬ 
tricity  and  Magnetism,’  ii. ,  §  685)  gives  for  the  self-induction  per  unit  of  length  of  the 
system  the  value 

7=2l°g)r2+^ 

It  is  interesting  to  notice  the  comparative  values  which  this  quantity  assumes  when 
the  conductors  are,  on  the  one  hand,  of  non-magnetie  metal,  such  as  copper  or 
phosphor-bronze,  and  on  the  other  hand  (again  as  an  extreme  case)  of  very  soft 
annealed  iron,  kept  in  a  state  of  vibration.  To  make  a  numerical  comparison,  we 
may  take  wires  of  4  mm.  diameter,  separated  by  a  distance  of  20  centims.  Then,  for 
non-magnetic  metal, 

L  .  202 

7=2  log  Q— -f  1  =  19-4. 

And  for  soft  iron,  under  vibration, 

~  =  2  log  I7-0  +  20, 00 0  =  20,0 18. 

Hence,  with  the  assumed  data,  the  iron  circuit  has  one  thousand  times  the  self- 

induction  of  the  non- magnetic  circuit.  This  throws  light  on  the  fact  *  that  a  notable 

©  © 


*  Preece,  British  Association  (Aberdeen),  1885. 
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increase  in  the  speed  of  signalling  becomes  possible  when  copper  is  substituted  for 
iron  in  a  line  whose  electrostatic  capacity  and  resistance  are  kept  unaltered  ;  and  that 
the  much  more  rapid  electric  impulses  which  traverse  a  telephone  circuit  often  become 
muffled  beyond  recognition  when  iron  takes  the  place  of  phosphor-bronze.] 

§  52.  Time  Lag  in  Magnetisation. — A  few  miscellaneous  points  will  now  be  noticed 
which  presented  themselves  in  the  course  of  these  experiments. 

I  have  already  said  that  the  hysteresis  which  has  been  described  as  occurring  in  the 
relation  of  magnetisation  to  magnetising  force  is  of  a  static  character.  Some 
evidence  was,  however,  given  that  in  addition  to  much  static  hysteresis  there  is  a 
small  amount  of  viscous  lagging  in  the  changes  of  magnetism  which  follow  changes 
of  magnetising  force.  I  repeatedly  observed  that  when  the  magnetising  current  was 
applied  to  long  wires  of  soft  iron,  either  gradually  or  with  more  or  less  suddenness, 
there  was  a  distinct  creeping  up  of  the  magnetometer  deflection  after  the  current  had 
attained  a  steady  value,  as  measured  by  the  deflection  of  the  galvanometer  through 
which  it  passed.  This  action  was  sometimes  so  considerable  as  to  oblige  me  to  wait 
for  some  minutes  before  taking  the  magnetometer  reading.  The  amount  of  this 
creeping  is,  however,  very  small  compared  with  the  static  hysteresis.  It  occurs  most 
conspicuously  in  the  softest  iron  and  at  points  near  the  beginning  of  the  steep  part  of 
the  magnetisation  curve,  and  is  much  more  marked  in  wires  which  are  being  magne¬ 
tised  for  the  first  time  after  annealing,  than  in  wires  which  have  been  previously 
magnetised,  and  demagnetised  by  the  method  of  reversals.  The  action  goes  on  too 
long  to  be  ascribable  to  the  self-induction  of  the  circuit,  and  indeed  occurs  most 
noticeably  when  the  changes  of  the  current  are  effected  gradually  by  means  of  the 
slide ;  and  I  do  not  think  that  it  can  be  regarded  otherwise  than  as  evidence  of  true 
magnetic  viscosity. 

§  53.  Comparative  Effect  of  Sudden  and  Gradual  Changes  of  Magnetising  Force , 
and  Resultant  Effects  of  Cyclic  Changes  of  Magnetising  Force. — It  has  long  been 
well  known  from  the  experiments  of  Von  Waltenhofen*  and  others  that  when  a 
magnetising  force  is  suddenly  applied  the  induced  magnetism  is  greater  than  when 
the  force  is  gradually  applied,  and  that  when  a  magnetising  force  is  suddenly 
withdrawn  the  residual  magnetism  is  less  than  when  the  force  is  gradually  withdrawn. 
My  own  experiments  afford  many  confirmations  of  these  facts,  but  they  show  that  in 
very  long  uniformly  magnetised  rods  the  difference  between  the  effects  of  sudden  and 
the  effects  of  gradual  changes  of  magnetising  force  are  not  great.  Thus,  in  the 
ballistic  method,  the  difference  in  effect  is  not  very  material  whether  we  produce  a 
change  of  magnetising  force  in  a  series  of  numerous  steps,  or  in  a  single  step.  The 
former  process  gives  slightly,  but  very  slightly,  less  total  change  of  magnetism  than 
the  latter.  And  in  the  magnetometric  method  the  magnetisation  produced  by  raising 
the  magnetising  current  continuously  by  means  of  a  slide  was  found  to  differ  but 
little  from  that  given  by  a  sudden  establishment  of  the  same  current.  The  differences, 

*  Po°'g\  Ann.,  1863. 
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such  as  they  are,  are  of  the  kind  which  Yon  Waltenhofen’s  experiments  would  lead 
us  to  expect,  but  their  magnitude  is  not  such  as  to  make  results  got  by  the  ballistic 
method  be  materially  different  from  results  got  by  the  magnetometric  method. 

In  the  following  experiments  the  comparative  effects  of  slow  and  sudden 
changes  of  magnetising  force  are  involved,  along  with  certain  other  phenomena  which 
will  now  be  described,  and  which  are  in  part  a  mere  confirmation  of  results  already 
published  by  C.  FrommeA 

§  54.  Effects  of  Repeated  Application  and  Removal  of  Magnetising  Force. — 
When  a  magnetising  force  is  first  applied,  then  removed,  and  then  re-applied,  whether 
suddenly  or  gradually,  the  resulting  value  of  3  is  somewhat  higher  than  that  reached 
by  the  first  application.  A  third  application  gives  a  somewhat  higher  value,  and  so 
on,  the  effects  apparently  approaching  an  asympotic  limit.  This  has  been  already 
shown  by  the  experiments  of  Fromme.  At  each  removal  of  the  magnetising  force 
the  residual  magnetism  is  also  left  somewhat  greater  than  before.  And  this  second 
action  (the  increase  of  the  residual  magnetism)  exceeds  the  increase  of  the  induced 
magnetism,  with  the  result  that  the  changes  of  magnetism  between  residual  and 
induced  diminish  in  range  with  successive  removals  and  re-applications  of  the 
magnetising  force. 

The  following  observations  were  made  by  the  ballistic  method  on  a  long  piece  of 
soft  annealed  iron  wire.  The  readings  are  given  without  reduction  to  absolute 
measure  ;  they  relate  to  a  point  which  falls  early  in  the  steep  part  of  the  curve  of 
magnetisation. 


Magnetising  Current. 

Throw  of  Ballistic 
Galvanometer- 

Magnetism. 

First  made . 

203 

203 

broken  ,  . 

-53-6 

149-4 

made . 

+  54-2 

203-6 

broken  .  . 

-47'8 

155-8 

made  ........ 

+  48-7 

204-5 

broken  . 

-45-7 

158-8 

made . 

-f-46'6 

205-4 

broken  . 

-44-9 

160-5 

made . 

+  46-1 

206-6 

broken  . 

-44-0 

162-6 

made . 

+  45-6 

208-2 

After  many  makes  and  breaks — 

broken . . 

-42-6 

made . 

+  43-1 

After  many  more  makes  and  breaks — • 

broken  . 

-39-5 

made . 

+  39-8 

Similar  results  were  repeatedly  obtained,  both  with  freshly  aim ealed  wires  and  wires 
from  which  a  previous  strong  magnetism  had  been  shaken  out  by  tapping.  In  curves 

*  Pogg.  Ann.,  Ergbd.  vii.,  1875,  and  Wied.  Ann.,  iv.,  1878. 
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showing  the  relation  of  33  or  2>  to  <§,  the  same  thing  exhibits  itself  in  what  may  be 
called  the  over-closing  of  loops  formed  by  removing  and  re-applying  a  given  value  of 
A  good  example  of  this  is  furnished  by  Plate  60,  fig.  17,  which  shows  how 
much  more  considerable  the  action  now  spoken  of  is  at  early  than  at  late  stages 
of  the  magnetisation. 

The  following  experiment  (also  on  annealed  iron)  shows  that  the  same  kind  of 
action  occurs  when  the  current  is  slowly  changed  by  the  slide  of  §  18,  and  the 
magnetism  is  determined  by  a  magnetometer. 


Magnetising  Current. 

4 

Magnetometer 

Deflection. 

s. 

Gradually  raised  to  . 

.  70 

2-46 

93 

298 

,,  reduced  to  .  . 

.  0 

0 

65 

208 

,,  raised  to  . 

.  70 

2-46 

97 

310 

,,  reduced  to  . 

.  0 

0 

70 

224 

Tlien  100  sudden  makes  and  breaks — 

Suddenly  raised  to  . 

.  70 

2-46 

103 

330 

,,  reduced  to  . 

.  0 

0 

80 

256 

§  55.  Effects  of  Repeated  Reversal  of  Magnetising  Force. — When  a  magnetising  force 
is  applied  and  then  repeatedly  reversed,  the  changes  of  magnetism,  instead  of  being 
strictly  cyclic,  form  what  may  be  termed  unclosed  loops.  Instances  of  this  are  given 
by  a  number  of  the  preceding  figures,  especially  by  Plate  60,  fig.  16,  which  shows  a 
series  of  these  unclosed  loops  in  the  magnetisation  of  steel  wire.  The  result  is,  as  in 
the  former  case,  that  successive  repetitions  of  the  process  give  a  gradually  diminishing 
range  of  magnetic  change.  This  action,  like  the  last,  occurs  most  conspicuously  at 
points  in  the  early  part  of  the  curve  of  magnetisation.  The  following  observations 
were  made  specially  to  exhibit  it,  on  a  piece  of  annealed  iron  wire,  400  diameters 
long,  by  the  magnetometric  method. 


Magnetising  Current. 

Magnetometer. 

0 

0 

Gradually  raised  to  . 

+  190 

+  146 

0 

„  reversed  to  . 

-190 

-141 

5»  55  55 

+  190 

+  127 

[Here  there  is  gradual  diminution  of  range, 
f  This  part  of  the  operation  is  shown  in  fig.  26. 

55  55  55 

-190 

-133 

55  55  55 

+  190 

+  120 

55  55  55 

-190 

-132 

Suddenly  „  „  .  . 

+  190 
-190 
+  190 

+  124 
-136 
+  123 

Here  there  is  an  increase  of  range  due  to  the 

55  55  5  5  » 

’5  55  55 

f  suddenness  of  these  reversals. 

Fifty  double  reversals,  then 
Suddenly  reversed  to 

+  190 

+  111 

1 

But  after  repeating  the  sudden  reversals  often 

-190 

-127 

J 

enough  the  range  becomes  smaller  than  ever. 

Then  gradually  „  .  . 

+  190 

+  108 

And  a  gradual  repetition  of  the  cycle  causes 

55  55  55 

-190 

-126 

still  a  further  reduction  of  range. 
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In  the  first  part  of  the  above  operations,  during  the  five  gradual  reversals  of 
magnetising  force,  intermediate  readings  were  taken,  which  enabled  the  curves  shown 
in  Plate  61,  fig.  26,  to  be  drawn.  These  show  at  a  glance  the  manner  in  which  the 
range  of  magnetic  change  diminishes.  Sudden  reversals,  following  on  these,  cause  at 
first  an  increase  of  range,  thus  illustrating  the  comparative  effects  of  gradual  and 
sudden  change  of  <§,  but  on  being  repeated  many  times  they  reduce  the  range  to  a 
lower  value  than  before. 

§  56.  The  same  piece  of  wire  was  next  subjected  to  a  magnetising  force  about 
fire  times  greater  than  the  above,  and  was  then  demagnetised  by  reversals  (§  19). 
Experiments  similar  to  the  above  were  then  made  on  it,  when  it  was  found  that  the 
tendency  to  a  diminution  of  range  with  repetition  of  a  cyclic  alteration  of  magnetising 
force  had  disappeared.  The  diagram,  Plate  61,  fig.  27,  shows  the  effect  of  applying, 
reversing,  and  reapplying  the  same  magnetising  force  as  in  the  former  case,  after  the 
wire  had  been  demagnetised  by  reversals.  It  shows  that  the  changes  of  magnetism 
are  now  cyclic.  The  same  result  was  given  by  other  specimens,  which  when  freshly 
annealed  gave  much  diminution  of  range,  but  when  demagnetised  by  reversals  after 
the  magnetising  force  had  been  raised  to  a  high  value,  were  found  to  have  lost  this 
property.  In  this  respect,  then,  a  wire  demagnetised  by  reversals  differs  from  the 
same  wire  in  its  primitive  annealed  state.  It  will  be  seen,  too,  by  comparing  figures 
26  and  27,  that  the  unsymmetrical  susceptibility  with  respect  to  forces  of  opposite 
signs  which  exists  in  the  annealed  wire  has  given  place  to  a  very  perfect  symmetry 
after  demagnetisation  by  reversals.  Pe-annealing  the  wire  restored  all  the  charac¬ 
teristics  of  the  primitive  state. 

§  57.  Similar  experiments  with  other  specimens  of  wire,  and  at  other  points  in 
the  curve  of  magnetisation,  gave  results  confirmatory,  in  every  particular,  of  the 
above.  When  the  magnetisation  is  strong,  however,  the  differences  produced  by 
repetitions  of  the  same  process  are  insignificantly  small :  and  it  is  in  the  early  parts  of 
the  curve  that  we  find  the  most  striking  effects.  One  or  two  other  examples  may  be 
given  very  briefly. 

Soft  iron  wire,  freshly  annealed. 


Magnetising  Current. 

Magnetometer. 

Gradually  .... 

100 

+  130 

-100 

-125 

33  .... 

+  100 

+  117 

-100 

-116 

Suddenly  .... 

+  100 

+  109 

1  Here  the  repetition  of  the  reversal,  although 

33  .... 

-100 

-114 

J  sudden,  still  causes  diminution  of  range. 

Fifty  more  double  reversals, 

then — • 

Suddenly  .... 

+  100 

+  106 

-100 

-106 

Gradually  .... 

+  100 
-100 

+  103 
-104 

j  Here  even  after  many  sudden  reversals  a  gradual 
>  reversal  still  causes  a  decided  lessening  of  the 

J  range. 

RESEARCHES  IN  MAGNETISM. 


573 


The  following  observations,  made  with  another  piece  of  annealed  iron  wire  at  a  part 
of  the  curve  very  sensitive  to  the  actions  now  spoken  of,  show  well  the  reduction 
of  range  by  reversals  and  then  the  rise  of  magnetism,  induced  and  residual,  produced 
by  successive  removals  and  re-applications  of  <§.  This  last  occurs  in  a  very  marked 
way  after  the  range  of  magnetic  change  has  been  reduced  by  reversals  of  <§.  The 
two  directions  of  the  current  will  for  brevity  be  distinguished  as  A  and  B.  The 
changes  were  sudden,  and  the  magnetism  was  determined  by  the  direct  magnetometric 
method.  A  want  of  symmetry  is  very  noticeable  here  between  the  positive  magneti¬ 
sation  due  to  the  current  A,  which  is  first  applied,  and  the  subsequent  negative 
magnetisation  due  to  the  equal  and  opposite  current  B. 


Magnetometer. 

Made  A . 

+  232 

„  B . 

-110 

> 

„  A . 

+  180 

„  B . 

-101 

..A . 

„  B . 

+  172 
-100 

Diminution  of  range  by  reversals. 

Twenty  reversals,  then — 

Made  B . 

-  95 

„  A . 

+  158 

, 

Broke  A . 

+  150 

Made  A  . . 

+  200 

Broke  A . 

Made  A . 

Broke  A . 

+  193 
+  206 
+  201 

Rise  of  magnetism  (induced  and  residual) 

-  by  successive  removals  and  re-applications 
of  h- 

Twenty  makes  and  breaks,  then — 

Broke  A . 

+  205 

Made  A . 

Then  reversals  again — 

+  209 

Made  B . 

-105 

„  A . 

+  178 

The  diminution  of  range  by  reversals  is 

Forty  reversals,  then— 

again  conspicuous. 

Made  A . 

+  163 

„  B . 

-105 

J 

Broke  and  remade  B . 

-136 

Ditto  twenty  times . 

-175 

Further  experiments  with  the  same  wire  showed,  after  the  range  was  reduced  by 
reversals,  that  a  gradual  removal  and  re-application  of  produced,  though  to  a  much 
less  degree,  the  same  effect  as  a  sudden  removal  and  re-application  ;  the  effect, 
namely,  of  increasing  the  magnetism. 

§  58.  The  magnetisation  of  steel  exhibits,  even  more  than  that  of  iron,  reduction  of 
range  with  successive  reversals  of  >§,  and  want  of  symmetry  between  the  values  of  3 
induced  by  successively  applied  fi-  and  —  values  of  <§.  Plate  Gl,  fig.  28,  shows  the 
changes  of  magnetism  which  were  undergone  by  an  annealed  steel  wire  when  a 
magnetising  force  of  15  c.g.s.  units  was  applied,  removed,  re-applied,  reversed,  and 
re-reversed  twice.  The  want  of  symmetry  between  the  positive  and  negative  values 
MDCCCLXXXV.  4  E 
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of  33  is  very  marked  in  this  example  :  the  steel  has  acquired  a  strong  set  towards  the 
side  of  the  first  magnetisation. 


Values  of  the  Coefficients  p  and  k. 

§  59.  It  follows  from  the  form  of  the  magnetisation  curve,  as  has  been  pointed  out 
by  Stoletow  and  others,  that  the  coefficient  of  magnetic  susceptibility  k,  or  P,  and 

therefore  also  the  permeability  p,  or  rises,  as  magnetisation  proceeds,  from  a  com- 

s? 

paratively  low  value  to  a  maximum,  and  then  decreases  continuously  as  <£>  is  further 
raised,  at  least  within  such  limits  of  <£>  as  have  ever  been  reached  in  actual  experiments. 
The  changes  in  k  and  p  which  occur  during  the  process  of  normal  magnetisation  are 
best  seen  by  Rowland’s  method  of  plotting  k  in  terms  of  3,  or  p  in  terms  of  33. 
Plate  62,  fig.  29,  gives  two  examples  of  this  last  mode  of  representation.  One  of 
the  curves  shown  there  refers  to  the  annealed  iron  wire  of  §  21.  In  it  the  values  of  p 
(which  are  given  numerically  in  §  21)  pass  from  128  for  a  very  low  value  of  33  to  a 
maximum  of  2370  for  <§  =  4 ’5,  and  down  again  to  705  for  <£>  =  22 ‘2 7.  In  the  other, 
which  refers  to  the  annealed  iron  wire  of  §  22,  the  early  values  of  p  are  not  given, 
but  the  magnetisation  has  been  pushed  further  by  raising  <£>  to  89'8,  with  the  result 
of  reducing  p  to  183  and  of  giving  the  curve  an  upward  inflection  in  its  descending 
limb.  That  such  an  inflection  occurs  when  the  magnetisation  is  sufficiently  increased 
has  been  already  noticed  and  commented  on  by  Fromme  (Wied.  Ann.,  xiii.,  p.  695). 
It  makes  the  formula  given  by  Rowland  (Phil.  Mag.,  xlviii.,  p.  339)  fail  to  serve 
as  an  equation  to  the  curve  in  this  extreme  portion. 

§  60.  Plate  62,  fig.  30,  gives  two  curves  showing,  in  the  same  manner,  the  relation  of 
k  to  3  in  the  iron  wire  of  §  31,  first  in  its  annealed  state,  and  again  after  it  had  been 
hardened  by  stretching.  They  are  drawn  to  the  same  scale,  and*  bring  out  well  by 
contrast  the  great  influence  which  permanent  set  has  in  reducing  magnetic  suscepti¬ 
bility.  They  are  plotted  from  the  observed  values  stated  in  §  31.  Other  curves  of 
the  same  character  may  easily  be  drawn  by  aid  of  the  data  contained  in  previous 
paragraphs. 

§  61.  Curves  of  this  kind  suggest  several  interesting  theoretical  questions  regarding 
the  results  which  we  should  find  if  we  were  able  to  extend  indefinitely  the  range  of 
observations,  both  towards  vanishingly  low  and  towards  indefinitely  high  values  ol  £>. 

It  seems  exceedingly  probable,  to  judge  from  the  portion  of  the  curve  of  k  and  3 
which  we  can  actually  determine,  that,  if  produced  backwards,  the  curve  would  cut 
the  axis  of  k  at  a  finite  positive  value  of  k*  This,  in  other  words,  would  imply  that 
the  susceptibility  is  not  indefinitely  small  at  the  very  beginning  of  magnetisation. 

To  reconcile  such  a  result  with  the  idea  of  a  static  frictional  resistance  to  the 


*  Rowland  has  so  produced  his  curves  of  /<.  and  53  backwards,  and  has  given  values  of  /i  corresponding 
to  33=0.  These,  however,  are  merely  hypothetical. 
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rotation  of  the  magnetic  molecules,  we  should  be  obliged  to  assume  either  that  this 
friction  was  vanishingly  small  for  some  of  the  molecules,  or  that  a  certain  range  of 
motion  was  possible,  to  all  or  some  of  them,  before  the  frictional  resistance  began  to 
be  felt.  We  have  seen  already  that  one  of  these  assumptions  would  be  required  to 
account  for  the  indefinitely  small  retentiveness  which  hard  iron  and  steel  seem  to 
possess  when  exceedingly  feebly  magnetised. 

But  though  the  observed  values  of  k  extend  to  very  low  values  of  2>,  between  these 
and  the  zero  of  magnetisation  there  is  room  for  a  complete  change  in  the  form  of  the 
curve,  and  it  would  be  rash  to  infer  anything  respecting  the  initial  value  of  k  from  the 
way  in  which  the  curve  is  trending  at  the  finite  magnetisations  for  which  the  lowest 
observed  values  of  k  have  been  determined.  The  curves,  indeed,  give  some  slight 
evidence  that  a  downward  bend  occurs  near  the  origin,  and,  in  any  case,  they  afford 
no  positive  proof  that  k  is  not  initially  zero,  or  even  negative. 

§  62.  If  we  could  suppose  that  the  frictional  sticking  of  the  molecules  was  at  first 
complete,  so  that  none  of  them  budged  from  their  primitive  positions  wdien  a  very  low 
value  of  Q  was  applied,  then  we  should  expect  to  find  the  initial  value  of  k  not  zero, 
but  a  negative  quantity.  For  in  that  case  the  cause  producing  paramagnetism 
(namely,  the  rotation  of  the  molecules)  would  be  entirely  inoperative,  and  the  applica¬ 
tion  of  «§  might  be  expected  to  induce  Amperian  currents  in  the  stationary  molecules 
in  the  same  manner  as  in  other  substances,  with  the  result  of  making  the  magnetisa¬ 
tion  opposite  in  direction  to  the  magnetising  force,  until  the  latter  became  large 
enough  to  overcome  friction  and  begin  turning  the  molecules.  Thus,  if  none  of  the 
molecules  could  begin  to  turn  until  <§  reached  a  certain  finite  value,  we  should  expect 
to  find  iron  diamagnetic  with  respect  to  lower  values  of  <§. 

[Note  added  April  9,  1886. — It  is  possible  that  substances  which  are  diamagnetic 
in  fields  of  ordinary  intensity  are  so,  not  because  the  molecular  currents  are  absent  or 
weak,  but  because  the  molecules  are  held  so  fast  that  their  alignment  (which  would 
give  paramagnetisation)  is  produced  with  difficulty.  So  long  as  they  do  not  turn,  or 
turn  very  slightly,  diamagnetic  induction  is  the  resultant  effect  of  the  applied  field. 


If  the  resistance  to  the  turning  of  the  molecules  resembles  that  found  in  iron,  we 
should  expect  the  diamagnetic  induction  which  occurs  when  the  field  is  moderate  to 
give  way  to  paramagnetic  induction  as  the  field  is  increased  ;  also  that  a  residual 
paramagnetic  polarity  would  be  left  after  a  strong  field  has  been  applied  and  removed, 

4  e  2 
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even  if  the  substance  has  remained  diamagnetic  during  the  action  of  the  field.  This 
view  is  supported  by  the  experiments  of  Lodge  (‘Nature,’  1886,  March  25,  p.  484; 
also  April  1,  p.  512),  which  have  shown  residual  paramagnetic  polarity  in  copper 
and  other  diamagnetics  after  exposure  to  a  strong  field.  According  to  this  view  the 
curve  of  3  and  <§  for  substances  in  general  is  (in  its  earlier  portion)  of  the  form 
sketched.  If  the  region  ab  extends  so  far  as  to  include  fields  of  considerable 
intensity,  we  call  the  substance  diamagnetic.  In  iron,  b  comes  so  near  the  origin  that 
we  are  always  dealing  with  the  further  portion  of  the  curve.] 

§  63.  The  extension  of  the  curves  of  k  and  3,  or  of  /x  and  S3,  at  the  upper  end  is 
subject  to  a  like  uncertainty.  As  Rowland  has  remarked  in  the  introduction  to 
his  second  paper,  we  do  not  know  whether  3  or  93,  or  either  of  them,  attains  a 
maximum  ;  and  Maxwell*  has  given  a  reason  (similar  to  the  above)  for  supposing 
that,  after  passing  a  maximum,  3  becomes  negative.  For,  during  the  application  of 
we  may  suppose  that  the  induction  of  Amperian  currents  goes  on  in  the  molecules, 
giving  a  component  of  magnetisation  opposite  in  sign  to  that  which  is  produced  by  the 
turning  of  the  molecules.  The  latter  reaches  a  limit,  the  former  increases  indefinitely 
as  <§  is  increased,  and  therefore  ultimately  exceeds  the  latter.  Hence,  iron  may  be 
diamagnetic  under  a  very  strong  magnetising  field. 

In  that  case  we  should  find  that  as  S$  is  raised,  3>  after  passing  a  positive  maximum, 
decreases  to  zero,  becomes  negative,  and  then  goes  on  always  increasing  negativelv. 
The  curve  of  k  and  3>  if  produced  by  increasing  «§,  would  bend  back,  towards  the 
origin,  in  its  descending  limb,  pass  through  the  origin  and  over  to  the  negative  side, 
k  never  exceeding  a  small  negative  value  as  3  is  increased  negatively  without  limit. 

§  64.  On  the  other  hand,  even  if  iron  be  ultimately  diamagnetic  under  strong 
magnetising  forces,  we  have  no  reason  to  expect  that  93  will  pass  a  maximum. 

r*.  .  d^S 

Since  93  =  47t3  +  >§j  93  cannot  pass  a  maximum  with  increase  of  unless  -A  attains  a 

negative  value  greater  than  4b.  This  is  a  greater  coefficient  of  magnetisation  than 
any  diamagnetic  substance  is  known  to  possess,  and,  moreover,  is  too  great  to  be 
consistent  with  Weber’s  theory  of  diamagnetism,  according  to  which  /x  cannot  be 
negative. 

These  considerations,  if  they  serve  no  other  useful  purpose,  show  the  futility  of 
drawing  conclusions  as  to  the  initial  and  ultimate  values  of  the  magnetic  suscepti¬ 
bility  of  iron  in  indefinitely  low  and  indefinitely  high  fields,  from  observations 
made,  as  all  observations  must  be  made,  in  fields  of  finite  magnitude.  For  this 
reason  it  appears  that  an  empirical  formula,  such  as  Rowland  applies  to  the  curves 
of  /x  and  93,  must  be  misleading  when  pushed  beyond  the  range  of  actual  experi¬ 
ment.  If  we  do  not  know  whether  3  or  93,  or  either  of  them,  attains  a  maximum, 
it  is  a  truism  to  say  that  there  is  no  use  in  assigning  numerical  values  to  that 
maximum.  The  results  obtained  by  extending  a  formula  past  the  limits  of  experience 

*  Maxwell,  ‘  Treatise  on  Electricity  and  Magnetism,’  ii.,  §§  843,  844. 
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have  scarcely  even  a  speculative  interest  if  the  basis  of  the  formula  is  not  an 
intelligible  physical  theory  and  its  terms  are  not  capable  of  physical  interpretation. 

§  65.  Weber’s  theory  of  the  magnetisation  of  iron  is  incomplete,  because  it  omits 
to  take  account  of  retentiveness.  Maxwell’s  extension  of  it,  which  ascribes 
retentiveness  to  something  resembling  the  permanent  set  of  an  overstrained  solid 
fails,  it  appears  to  me,  to  explain  the  hysteresis  which  is  found  in  all  changes  of 
magnetism  brought  about  by  changes  of  the  magnetising  force.  The  idea  of  a 
resistance  to  rotation  of  the  molecules  resembling  the  friction  of  solids,  which  has 
been  suggested  by  several  writers,  suffices  to  explain  hysteresis,  and  is  supported  by 
other  phenomena  which  I  have  already  noticed  in  passing.  It  accords  remarkably  well 
with  the  low  values  of  k  which  we  find  in  the  early  part  of  the  magnetisation  curve  ; 
also  with  the  effects  which  vibration  has  in  increasing  the  susceptibility  of  iron  to 
small  forces  and  in  destroying  its  retentiveness.  In  fact,  for  soft  iron  it  requires  little 
modification  to  make  it  cover  the  facts.  In  hard  iron  and  steel,  on  the  other  hand, 
where  the  residual  magnetism  is  of  a  far  stabler  character,  retentiveness  seems  partly 
due  to  some  such  action  as  Maxwell  has  suggested,  though  effects  resembling  those 
of  friction  are  also  present.  Both  notions — that  of  permanent  set  and  that  of 
frictional  resistance — seem  needful  for  anything  like  a  full  account  of  the  phenomena, 
and  if  we  are  to  attempt  to  form  a  mechanical  conception  of  the  process  on  such  lines 
as  these,  we  must  assume  :  (1)  An  elastic  tendency  on  the  part  of  the  molecules  to 
recover  their  primitive  position  when  displaced  ;  (2)  a  static  frictional  resistance  to 
their  displacement  and  to  their  return,  removable  by  vibration  ;  (3)  a  limit  for  each, 
such  that  if  the  displacement  of  the  molecule  exceeds  it,  a  permanent  displacement, 
not  removable  by  vibration,  results  ;  (4)  probably  a  viscous  resistance  to  the  displace¬ 
ment  and  return  of  the  molecules  ;  (5)  an  unequal  distribution  amongst  the  molecules 
of  the  frictional  resistance,  such  that  in  some  of  the  molecules  it  is  very  (perhaps 
indefinitely)  small.  An  alternative  to  this  last  supposition  has  already  been  men¬ 
tioned,  but  it  is  in  any  case  necessary  to  assume  that  the  friction  varies  somewhat 
widely  amongst  the  molecules,  in  order  to  prevent  the  susceptibility  from  changing 
discontinuously. 

§  66.  A  theory  involving  so  many  arbitrarily  adjustable  constants  evidently  admits 
of  being  brought  without  difficulty  into  general  harmony  with  what  we  are  able  to 
observe  of  the  process  of  magnetisation.  Any  examination  of  it  by  comparison  with 
observed  magnetic  values  could  scarcely  be  conclusive.  We  might,  however,  by  apply¬ 
ing  these  ideas,  construct,  or  at  least  imagine,  a  mechanical  model  in  which  the  pieces 
would  move  in  such  a  manner  as  to  give  results  closely  imitative  of  those  observed 
when  we  magnetise  and  demagnetise  iron.  It  must  be  admitted  that  any  mechanical 
analogue  of  this  kind  is  probably  a  very  crude  representation  of  molecular  movements. 
One  cannot  suppose  that  if  we  could  obtain  an  insight  into  the  real  nature  of  magnetic 
induction  we  should  find  anything  at  all  resembling  miniature  drums  turning  under 
brake-straps ;  nevertheless,  it  is  certain  that  the  internal  movements  which  are 


578 


PROFESSOR  J.  A.  EWING  ON  EXPERIMENTAL 


produced  in  iron  by  changes  of  magnetising  force  (and,  as  I  shall  show  later,  by  other 
things  besides  magnetising  force)  do  occur  in  ways  which  are  not  only  extremely 
suggestive  of  the  movement  of  solid  bodies  against  frictional  resistance,  but  are  exactly 
analogous  to  such  movements  in  some  of  their  effects. 

§  67.  In  the  molecular  theory  of  magnetisation,  as  developed  by  Weber  and  Max¬ 
well,  the  equation  expressing  the  equilibrium  of  a  magnetic  molecule  when  deflected 
by  a  magnetising  force,  X,  is 

X  sin  9=  D  sin  (a  —  6), 


where  a  is  the  original  inclination  of  the  molecule’s  axis  to  the  line  of  action  of  X,  6  is 
its  inclination  to  the  same  line  when  deflected,  and  D  is  an  assumed  directive  force 
which  tends  to  keep  the  molecule  in  its  primitive  position. 

We  may  introduce  the  idea  of  frictional  resistance  by  writing  this — 

X  sin  6=  D  sin  (a  —  6)-\-p, 


where  p  is  a  statical  couple  due  to  friction  (to  be  reckoned  per  unit  of  magnetic 
moment  of  the  molecule).  In  this  form  the  equation  will  apply  to  cases  where  the 
deflection  of  the  molecule  is  being  or  has  just  been  increased  by  application  of  X. 
When  the  deflection  is  being  diminished  by  reduction  of  X  the  term  expressing  the 
friction  is  to  have  its  sign  reversed. 

The  most  easily  affected  molecules  are  those  whose  inclination  to  the  axis  of  X  is  — . 

Hence,  on  beginning  to  apply  magnetising  force  there  is  no  deflection  of  any  molecule 
until  X=p.  Again,  after  magnetisation  has  been  produced  and  the  applied  force  X 
begins  to  be  removed,  no  return  of  the  molecules  (that  is  to  say,  no  loss  of  induced 
magnetism)  occurs  until  the  amount  by  which  X  is  reduced  exceeds  2 p.  The  sub¬ 
sequent  loss  of  magnetism  as  X  is  further  reduced  will  depend  on  the  relation  of 
D  to  p. 

Now,  in  soft  iron  the  retentiveness  is  so  nearly  complete  that  D  must  be  very  small. 
We  may  examine  the  comparatively  simple  extreme  case  which  we  should  find  if  D 
were  equal  to  zero.  Every  molecule  which  is  being  turned  by  X  must  then  satisfy 
the  equation  X  sin  0= p,  and  the  action  is  always  limited  to  those  molecules  for  which 

sin  a  >  sin  $  >  v-  For  any  given  value  of  X,  during  the  increment  of  X,  the  only 

molecules  affected  are  those  whose  original  inclinations  lie  between  the  values 

sin-1^  and  oc.z=tt — cq.  Molecules  lying  outside  these  limits  do  not  contribute 


to  the  resultant  magnetisation  of  the  piece. 

Using  the  notation  of  Maxwell  (‘  Electricity  and  Magnetism,’  vol.  ii.,  §  443),  in 
which  m  is  the  magnetic  moment  of  a  molecule,  and  n  the  number  of  molecules  per 
unit  of  volume,  we  have 


;5  = 


mn 


cos  6  sin  a  c/a, 
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The  limits  are  oq  and  a2  as  above,  and  cos  6=  1  — 

Hence, 

This  applies  from  X=p  to  X=oo.  For  values  of  X  below  p,  3  —  0-  *  is  of 
course  the  magnetism  of  saturation.  The  following  values  of  3  are  calculated  from 
this  equation  : — 


X 

3 

p 

0 

1-25  p 

0‘360  mn 

1-5  p 

0'556  mn 

2  P 

Off  50  mn 

Sp 

0'889  mn 

4  P 

0'937  mn 

bp 

0'960  mn 

10  p 

0'990  mn 

100  p 

0'999  mn 

By  supposing  that  p  is  different  for  different  molecules  we  can  avoid  the  discon¬ 
tinuity  which  occurs  at  X=p  ;  and  the  relation  of  3  to  X  deduced  from  the  formula 
agrees  fairly  well  with  actual  curves  of  3  and  <§  in  specimens  of  soft  annealed  iron. 
Removal  of  X  would  of  course  give  a  straight  line  (3  =  constant),  and  application  of 
X  with  sign  reversed  would  give  a  rapid  fall  as  soon  as  the  value  of  the  reversed  force 
exceeded  p.  The  results  correspond  so  nearly  with  those  found  in  soft  annealed  iron 
that  it  may  be  concluded  that  this  extreme  supposition  (namely,  that  D  is  an  insignifi¬ 
cantly  small  quantity,  and  that  retentiveness  is  due  to  p),  although  doubtless  not  very 
exact,  does  represent  fairly  well  the  behaviour  of  this  material.  No  such  simple  theory 
will  answer  in  dealing  with  hard  iron  or  steel. 

When  we  subject  soft  iron  to  vibration  during  the  application  ana  removal  of  the 
magnetising  force,  we  cause  p  to  vanish  more  or  less  completely,  and  the  action  which 
we  observe  agrees  fairly  well  with  the  original  theory  of  Weber  as  developed  by 
Maxwell  ( loc .  cit.,  equations  5-8),  and  shows  that  I),  though  finite,  is  a  very  small 
quantity. 

§  68.  Numerical  Values  of  the  Maximum  of  p  and  k. — The  following  table  shows 
in  a  collected  form,  and  in  round  numbers,  the  maximum  values  (deduced  from  these 
experiments)  of  p  and  k  during  initial  magnetisation,  and  the  value  of  <§  at  which  they 
were  found. 
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Specimen. 

Maximum 

r- 

Maximum 

K. 

Y  alue  of  43,  giving 
maximum  g. 

Moderately  soft  iron  ring  (of  fig.  1,  §  10) . 

1740 

138 

51 

Soft  iron  ring  (of  fig.  2,  §  11) . 

2300 

183 

2-6 

Very  soft  annealed  iron  wire,  300  diameters  long  (fig.  3,  §  15) 

3500 

279 

26 

Soft  annealed  iron  wire,  400  diameters  long  (fig.  4,  §  20) 

2670 

212 

2-8 

Annealed  iron  wire,  400  diameters  long  (fig.  5,  §  21)  .... 

2370 

189 

4-5 

Another  similar  piece  (fig.  6,  §  22) . 

2040 

162 

4-1 

Steel  wire,  hard-drawn  (fig.  8,  §  25) . 

320 

25 

30 

ditto  annealed  (fig.  9,  §  26) . 

470 

37 

18 

Pianoforte  steel  wire,  normal  temper  (fig.  11,  §  28)  .... 

273 

22 

39 

ditto  annealed  (fig.  12,  §  29) . 

295 

23 

28 

ditto  glass-hard  (fig.  13,  §  30) . 

118 

9'3 

55 

Soft  annealed  iron  wire  (fig.  14,  §  31) . 

3080 

245 

2-7 

The  same,  after  being  hardened  by  stretching  (fig.  14,  §  31) 

670 

53 

107 

Annealed  iron  wire  (fig.  17,  §  37) . 

2470 

196 

4‘5 

Iron  wire  hardened  by  stretching  (fig.  19,  §  42) . 

450 

36 

17 

Pianoforte  steel  (bis),  normal  temper  (fig.  20,  §  44)  .... 

258 

20-5 

38 

ditto  „  annealed  (fig.  21,  §  45) . 

415 

33 

20 

ditto  „  glass-hard  (fig.  22,  §  46) . 

126 

10 

55 

Very  soft  annealed  iron  wire  (fig.  24,  §  50) . 

The  same  wire,  with  vibration  during  the  application  of  magnet- 

3500 

279 

27 

ising  force  (fig.  24,  §  50) . 

20,000 

(about) 

1600 

(about) 

From  0  to  0'2 

Effects  of  Stress  on  the  Magnetic  Qualities  of  Iron. 

§  69.  Method  of  Experiment. — In  all  the  experiments  already  described,  in  which 
an  iron  or  steel  wire  formed  the  subject  of  test,  the  wire  hung  vertically  under  the 
action  of  no  other  stress  than  that  due  to  its  own  weight.  I  shall  now  describe  a 
series  of  experiments  which  were  designed  to  study  the  variations  of  magnetic 
quality  caused  by  pull  applied  in  the  direction  of  the  wire’s  length,  which  was  also 
the  direction  of  magnetisation. 

The  wire  to  be  tested  was  hung  vertically  with  its  upper  end  on  a  level  with  and 
due  east  of  a  mirror  magnetometer.  In  my  early  experiments  the  desired  longitudinal 
stress  was  applied  by  running  mercury  into  a  tank  which  hung  from  the  lower  end  of 
the  wire,  but  this  plan  was  soon  abandoned  in  favour  of  the  much  simpler  one  of 
stringing  discs  of  lead  on  a  copper  wire  which  formed  a  continuation  of  the  iron  wire 
under  test.  Both  in  accuracy  and  convenience  solid  lead  weights  are  preferable  to  a 
tank  containing  fluid,  and  I  found  it  practicable  to  apply  and  remove  the  discs  of  lead 
with  much  less  mechanical  disturbance  than  was  produced  by  running  mercury  into 
and  out  of  a  tank.  This  is  an  important  point,  for,  as  will  be  shown  later,  the 
influence  of  stress  on  magnetism  is  much  affected  by  even  the  slightest  vibration. 
Lead  weights  formed  the  load  in  all  the  experiments  given  below. 

To  enable  the  magnetometer  zero  to  be  tested  from  time  to  time  it  was  desirable  to 
have  an  easy  means  of  removing  the  wire  and  replacing  it  in  exactly  the  same  position. 
The  method,  showm  in  the  sketch,  by  which  the  wire  was  fixed,  admitted  of  this. 
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The  magnetometer  stood  on  the  top  of  a  solid  stone  pier,  which  rose,  clear  of  the  floor, 
to  a  height  of  about  3  feet  above  the  floor.  To  the  top  of  it,  and  on  the  two  sides  of 
the  magnetometer,  two  stout  brackets,  a  a,  were  very  rigidly  fixed.  To  these  a  pair  of 
brass  plates  with  \/  notches  cut  in  them  were  secured,  which  served  to  carry  a  cross 
piece,  b,  consisting  of  a  cylinder  of  brass.  This  cylinder  was  prevented  from  moving 
in  the  direction  of  its  own  length  by  an  end  plate,  c.  The  iron  wire  under  examination, 


d,  had  brazed  to  it  at  its  upper  end  a  short  piece  of  thicker  brass  wire  which  was 
rivetted  into  the  middle  of  the  cylinder,  b.  At  the  bottom  of  d  a  copper  wire  e  was 
attached  on  which  the  lead  weights  were  strung. 

In  some  of  the  experiments  the  vertical  component  of  the  earth’s  magnetic  field 
MDC  CCLXXXY.  4  F 
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formed  the  magnetising  force.'”  More  usually  magnetising  force  was  applied  by  means 
of  a  solenoid  which  completely  enclosed  the  wire  :  the  strength  of  the  current  in  the 
solenoid  was  measured  by  a  mirror  galvanometer,  and  was  generally  varied  by  means 
of  the  liquid  slide  described  in  §  18. 

§  70.  The  study  of  the  effects  of  stress  on  the  magnetic  quality  of  a  material  consists 
in  observing  relations  between  the  intensity  of  magnetisation  and  the  two  independent 
variables,  magnetising  field  and  stress.  The  effect  of  stress  on  residual  magnetism  is 
a  special  case,  namely,  the  case  of  field  =0.  We  may  in  all  cases  use  one  or  other  of 
two  methods  of  inquiry  :  we  may  keep  the  field  constant  and  vary  the  stress,  or  we 
may  keep  the  stress  constant  and  vary  the  field.  The  former  method  has  been  used 
by  Sir  William  Thomson  in  a  series  of  researches  to  which  our  present  knowledge  of 
this  subject  is  principally  due.t  I  have  employed  both  methods,  and  where  I  have 
used  the  former  plan  I  have  observed  not  merely  the  resultant  change  of  magnetism 
caused  by  the  application  or  removal  of  a  considerable  amount  of  load,  but  the  inter¬ 
mediate  values  of  the  magnetism  when  the  total  change  of  load  is  divided  into  a  large 
number  of  steps. 

The  presence  of  hysteresis  in  all  changes  of  magnetism  which  are  caused  either  by 
change  of  field  under  constant  load,  or  change  of  load  under  constant  field,  makes  the 
phenomena  to  be  examined  exceedingly  complex,  and  it  is  only  when  the  results 
obtained  by  both  methods  are  compared  that  we  can  obtain  a  moderately  clear  view  of 
the  subject. 

Effects  of  Stress  on  Magnetism  induced  by  the  Earth’s  Vertical  Force. 

§71.  An  iron  wire  (of  the  same  quality  as  that  tested  in  §21),  0‘079  centim.  in 
diameter  and  29  centims.  long,  was  hung  in  position  and  annealed  there  by  the  flame 
of  a  spirit  lamp.  Load  was  applied  by  stringing  on  discs  weighing  1  kilo,  each,  and  the 
magnetic  changes  (the  inducing  field  being  the  earth’s  vertical  force)  were  observed. 
The  first  application  of  load  caused  magnetic  effects  of  a  very  complex  character ;  and 
I  shall  reserve  the  account  of  them.  But  once  the  wire  was  somewhat  stretched  by 
a  load  which  exceeded  its  limit  of  elasticity,  the  subsequent  behaviour,  when  the  load 
was  removed  and  reapplied,  was  d early  marked  and  perfectly  regular.  Earlier  and 
later  experiments  agree  in  showing  that  this  behaviour,  which  will  now  be  described, 
is  thoroughly  characteristic  of  stretched  iron. 

A  total  weight  of  12 '6  kilos,  was  applied,  under  which  the  wire  stretched  about 
07  centim.  Its  section  was  then  0'48  sq.  mm.,  and  consequently  every  kilogramme 
of  load  caused  a  stress  whose  intensity  was  2-08  kilos,  per  square  millim.  The  load 
of  12 '6  kilos,  was  applied  and  removed  four  times,  during  which  the  changes  of 
magnetism  gradually  became  nearly  cyclic.  Then,  during  the  fifth  application  and 

*  The  value  of  this  in  Tokio,  Japan,  where  the  experiments  were  made,  is  0’34  c.g.s.  units, 
t  “  Electrodynamic  Qualities  of  Metals,”  Phil.  Trans.,  1856,  1875,  1879. 
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removal  of  the  load  the  following  observations  were  taken.  The  readings  given  are 
the  deflections  of  the  magnetometer  needle  from  its  zero  :  they  represent  on  an 
arbitrary  scale  the  intensity  of  magnetisation  of  the  wire. 


Stretched  Iron  Wire  (March  2,  1882),  Plate  62,  fig.  31. 


Load  in  kilos. 

Magnetometer 

Magnetometer 

1  kilo.  =2'08  kilos. 

reading. 

Load  in  kilos. 

reading. 

per  sq.  mm. 

0 

252 

i 

259 

r 

11-8 

426 

2 

273 

11 

428 

3 

294 

10 

432 

4 

323 

9 

435 

5 

355 

8 

438 

Loading  .  . 

6 

389 

7 

440 

7 

413 

Unloading  .<( 

6 

438 

8 

430 

5 

431 

9 

437 

4 

413 

10 

438 

3 

385 

11-8 

434 

2 

350 

<- 

12-6 

429 

1 

304 

0 

254 

The  same  experiment  is  shown  graphically  in  Plate  62,  fig.  31,  where  the  arrows 
distinguish  between  the  on  curve,  or  curve  of  loading,  and  the  off  curve,  or  curve  of 
unloading.  The  whole  action  is  very  nearly  cyclic,  but  there  is  a  remarkable  difference 
between  the  values  of  the  magnetism  corresponding  to  equal  values  of  the  stress 
during  the  on  and  off  parts  of  the  operation.  The  changes  of  magnetism  lag  behind 
the  changes  of  stress. 

This  hysteresis,  or  lagging  of  the  changes  of  magnetism  behind  the  changes  of 
stress,  is  of  a  purely  static  character.  The  magnetism  does  not  change  after  a  load 
has  been  applied,  and  while  the  load  remains  constant,  except  to  a  very  insignificant 
extent.  The  successive  steps  in  the  process  of  loading  and  unloading  may  be 
performed  at  intervals  of  some  hours  even  without  affecting  the  form  of  the  curves. 

Examining  now  the  on  curve,  we  see  that  the  effect  of  moderately  loading  a 
stretched  wire  is  to  increase  its  magnetism,  under  the  conditions  we  have  here,  but 
that  a  maximum  is  passed,  and  the  later  stages  of  the  loading  diminish  the  mag¬ 
netism.  A  similar  maximum  occurs  on  the  off  curve,  but  owing  to  the  presence  of 
hysteresis  it  occurs  at  a  smaller  value  of  the  load  than  the  maximum  point  in  the  on 
curve.  Each  maximum  is,  in  fact,  shifted  by  hysteresis  to  a  later  part  ol  the 
operation  than  it  would  otherwise  occupy,  and  if  there  were  no  hysteresis  we  should 
expect  it  to  take  a  position  between  the  two  actual  maximums,  or  at  about  8  kilos, 
of  total  load.  Another  characteristic  of  the  curves,  obviously  attributable  to 
hysteresis,  is  the  comparatively  easy  gradient  at  the  beginning  of  the  on  curve  and 
again  at  the  beginning  of  the  off  curve. 
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§  72.  It  is  evident  as  a  further  result  of  hysteresis,  that  the  relation  of  load  to 
magnetism  may,  without  any  change  either  in  the  field  or  in  the  initial  magnetic 
condition  of  the  piece  examined,  have  any  one  of  the  indefinite  number  of  values 
defined  by  points  lying  between  the  on  and  off  curves.  For  example,  it  is  easy  with 
a  load  of  4  kilos,  to  reach  a  value  for  the  magnetometer  reading  anywhere  between 
323  and  413.  The  value  of  the  magnetism  depends  not  only  on  the  actual  load,  but 
on  the  preceding  states  and  changes  of  the  load,  and  most  particularly  on  the 
immediately  preceding  changes.  To  illustrate  this  more  fully  the  following  observa¬ 
tions  were  made,  on  the  same  wire,  after  it  had  again  been  subjected  to  the  cycle  of 
loading  0— 12-6  — 0.  (That  is,  after  a  load  of  12‘6  kilos,  had  been  again  applied  and 
removed.) 

The  successive  changes  of  load  passed  through  in  this  experiment  were : 
0  —  5  —  0  —  8  —  3  — 12 "6  —  9  — 12'6  —  3  —  8  —  0,  with  intermediate  steps,  and  the  resulting 
magnetometer  readings  are  given  below  : — 


Stretched  Iron  Wire,  Plate  62,  fig.  32. 


Load. 

Magnetometer. 

Load. 

Magnetometer. 

0 

245 

12-6 

425 

1 

255 

1P8 

427 

1 

2 

270 

Unloading  .  .  .< 

11 

430 

(ah) 

3 

293 

(. f9 ) 

10 

434 

L 

4 

322 

L 

9 

437 

5 

352 

10 

434 

4 

349 

Loading  ....*> 

11 

431 

Unloading  . 

(be) 

3 

2 

338 

319 

W 

_ 

11-8 

12-6 

428 

425 

1 

l 

1 

290 

11-8 

427 

0 

249 

11 

430 

1 

256 

10 

433 

2 

271 

9 

436 

3 

292 

Unloading  .  .  .  - 

8 

439 

Loading  . 

4 

321 

(hi) 

7 

441 

(cd) 

5 

351 

6 

440 

6 

384 

5 

433 

7 

413 

4 

415 

8 

430 

3 

388 

7 

430 

4 

392 

LTnloading  . 

i 

■  I 

6 

5 

427 

419 

Loading  .  .  .  .< 

5 

6 

400 

410 

(de) 

L 

4 

405 

(v) 

7 

423 

3 

381 

«_ 

r 

8 

432 

4 

385 

7 

432 

5 

393 

6 

430 

6 

405 

5 

424 

7 

419 

Unloading  .  . 

4 

411 

Loadino-  . 

■- 

8 

430 

m 

3 

390 

(ef) 

9 

438 

2 

355 

10 

440 

l 

i 

306 

11 

436 

0 

252 

11-8 

431 

After  half-an-hour 

0 

252 

12-0 

425 
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The  same  observations  are  plotted  in  Plate  62,  fig.  32,  which  shows  the  loops  formed 
in  consequence  ol  hysteresis  by  the  on  and  off  curves  of  subordinate  cycles  of  stress, 
as  well  as  by  those  of  the  main  cycle.  At  each  change  from  loading  to  unloading,  or 
from  unloading  to  loading,  the  new  branch  of  the  curve  starts  off  in  a  direction  tangent, 
or  nearly  so,  to  a  line  parallel  to  the  axis  along  which  stress  is  plotted.  The  sub¬ 
ordinate  cyclic  operations  0  —  5  —  0,  8  — 3  — 8,  12 -6  —  9  —  1 2*6,  and  3  —  8  —  3  give  rise  to 
magnetic  changes  which  are  very  nearly  cyclic,  and  consequently  produce  scarcely  any 
effect  on  the  form  of  the  main  curves. 

§  73.  Influence  of  Vibration  on  the  Effects  of  Stress. — The  indications  of  hysteresis  in 
magnetic  changes  caused  by  stress  disappear  almost  entirely  when  we  submit  the 
piece  under  test  to  mechanical  vibration  either  during  or  after  the  changes  of  stress. 
The  on  and  off  curves  then  become  nearly  coincident.  The  range  of  magnetic  change 
corresponding  to  any  change  of  load  is  considerably  increased.  A  maximum  point  is 
still  found  in  the  curve  of  magnetism  and  stress,  but  it  is  nearly  the  same  for  both 
(on  and  off)  operations,  and  its  position  lies,  as  regards  stress,  between  the  positions 
which  the  maximums  occupy  when  the  operations  of  loading  and  unloading  are 
performed  without  vibration.  These  results  will  be  seen  in  the  following  observations, 
made  on  the  same  wire  as  the  foreg  oing,  and  without  any  change  of  conditions,  except 
that  after  each  change  of  load  the  wire  was  vigorously  tapped  before  the  magnetometer 
reading  was  taken. 

Stretched  Iron  Wire  with  Vibration,  Plate  62,  fig.  33. 


Load. 

Magnetometer 
(after  tapping). 

0 

181 

1 

237 

2 

290 

3 

348 

4 

384 

5 

415 

6 

434 

7 

447 

8 

451-5 

9 

451 

10 

447 

11 

442 

11-8 

436-5 

12-6 

431 

Loading  . 


Unloading  . 


Load. 


12-6 

11-8 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 


Magnetometer 
(after  tapping). 


431 

434 

435 
440 

443 
445 

444 
429 
416 
389 
353 
306 
250 
192 


The  same  observations  are  shown  graphically  in  Plate  62,  fig.  33.  The  on  and  off 
curves  are  not  quite  coincident :  they  still  exhibit  some  hysteresis,  but  far  less  than 
when  there  is  no  vibration. 

§  74.  An  instructive  method  of  studying  the  influence  of  vibration  in  destroying,  or 
rather  in  greatly  reducing  hysteresis,  is  to  partially  load  or  unload  in  the  ordinary 
way,  and  then,  pausing  at  any  stage  in  the  process,  to  tap  the  wire.  An  immediate, 
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often  very  large,  change  of  magnetisation  is  the  result.  If  the  operation  of  loading 
or  unloading  be  then  resumed,  hysteresis  again  becomes  conspicuous. 

The  following  observations  form  a  good  example  of  this  method  of  procedure.  They 
are  plotted  in  Plate  62,  fig.  34,  where  the  full  lines  refer  to  the  parts  of  the  operation 

during  which  there  was  no  vibration,  and  the  lines  drawn  thus - show  the 

changes  of  magnetism  produced  by  tapping.  The  wire  was  the  same  as  that  of 
§§  71-73,  and  in  the  same  conditions.  A  cycle  of  loading  without  tapping  was  gone 
through  first.  This  brought  the  magnetometer  reading,  with  no  load,  to  252.  On 
tapping  the  wire  this  fell  to  180.  Loading  was  then  begun,  and  carried  on  up  to  5 
kilos,  without  tapping.  The  wire  was  then  tapped,  when  the  magnetometer  reading 
changed  from  337  to  405.  Loading  was  then  resumed  and  carried  on  to  8  kilos, 
and  the  wire  again  tapped — and  so  on,  as  will  be  clear  by  inspection  of  the  table : — 

Stretched  Iron  Wire,  with  and  without  Vibration,  Plate  62,  fig.  34. 


Load. 

Magnetometer. 

Load. 

Magnetometer. 

0 

252 

12-6 

423  after  tapping 

0 

180 

after  tapping 

11-8 

425'") 

1 

19E') 

11 

429  | 

2 

213 

10 

433  without  tapping 

3 

251 

f  without  tapping 

9 

437  | 

4 

294 

8 

441 J 

5 

337 J 

8 

450  after  tapping 

5 

405 

after  tapping 

7 

452  'l 

6 

4110 

6 

451  ^without  tapping 

7 

425 

>  with  out  tapping 

5 

443 J 

8 

440  J 

5 

425  after  tapping 

8 

453 

after  tapping 

4 

419^1 

9 

4520 

3 

400  | 

10 

451 

2 

361  ^-without  tapping 

11 

447 

without  tapping 

1 

322 

11-8 

442 

0 

265 J 

12-6 

436^ 

0 

181  after  tapping 

The  agreement  of  points  on  the  on  and  off  curves,  with  tapping,  is  scarcely  so  good 
as  in  the  experiment  described  in  the  last  paragraph,  probably  because  the  vibration 
was  scarcely  vigorous  enough.  It  is  very  interesting  to  notice  how  hysteresis  re¬ 
appears  at  each  continuation  of  the  loading  or  unloading,  after  the  vibration  has 
ceased,  manifesting  itself  by  the  way  in  which  each  curve  corresponding  to  such  a 
continuation  starts  off  tangent,  or  nearly  tangent,  to  a  line  parallel  to  the  axis  of 
loads.  Finally,  in  the  descending  limb  of  the  off  curve,  the  accumulated  effect  of 
hysteresis  during  the  reduction  of  the  load  from  5  kilos,  to  0  leaves  the  magneto¬ 
meter  reading  higher  by  more  than  80  divisions  than  the  value  which  is  reached 
by  vibration  at  the  zero  of  load.  Nothing  could  illustrate  better  than  this  the  manner 
in  which  hysteresis  causes  a  diminution  of  the  total  range  through  which  magnetism 
changes  under  varying  stress,  as  compared  with  the  range  which  we  find  when  the 
variations  of  stress  are  accompanied  by  vibration. 
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§  75.  Initial  form  of  Curves  of  Magnetism  and  Load. — It  has  been  mentioned 
above  that  when  a  change  from  loading  to  unloading,  or  from  unloading  to  loading, 
occurs,  the  new  curve  starts  off  tangent,  or  nearly  tangent,  to  the  direction  in 
which  loads  are  measured.  In  other  words,  the  initial  change  of  magnetism  appears 
to  be  indefinitely  small  relatively  to  the  change  of  stress  whenever  the  operation 
is  reversed  from  loading  to  unloading,  or  vice  versa.  In  the  experiments  which  have 
been  already  cited  the  steps  by  which  the  load  was  increased  or  diminished  were 
too  large  to  allow  the  initial  form  of  the  curve  to  be  very  well  defined,  and  as 
the  matter  seemed  important  as  throwing  light  on  the  character  of  hysteresis,  a 
set  of  observations  were  made  in  which  the  process  of  loading  or  unloading 
was  conducted  by  very  gradual  stages  at  the  places  where  the  precise  form  of  the 
curve  was  to  be  examined.  A  number  of  small  weights  were  prepared,  which  could 
be  added  to  or  removed  from  the  other  weights  hanging  from  the  wire,  wherever  it 
was  desired  to  have  a  number  of  closely  consecutive  points  in  the  curve.  Great 
care  was  taken  in  this  experiment  to  avoid  the  slightest  disturbance  of  any  kind, 
since  it  was  evident  that  the  least  trace  of  vibration  would  vitiate  the  results. 

The  wire,  which  was  the  same  as  before,  and  still  hanging  vertically  in  the  earth’s 
field,  was  loaded  in  the  usual  manner  up  to  nearly  5  kilos. — a  place  where  the  on 
curve  is  very  steep.  The  load  was  then  removed,  at  first  by  very  small  parts,  in  order 
to  determine  as  precisely  as  possible  the  initial  form  of  the  off  curve.  The  following 
are  the  observations.  The  magnetometer  scale  was  altered  before  this  experiment, 
but  the  readings,  although  different  from  those  taken  in  former  experiments  with  the 
same  wire,  are  still  proportional  to  the  total  magnetisation.  The  wire  had  been 
slightly  shaken  before  the  loading  began,  and  consequently  the  operation  was  not 
cyclic. 


Here,  then,  it  is  clear  that  the  off  curve,  beginning  from  a  steep  part  of  the  on  curve, 
starts  off  as  nearly  as  can  be  observed  tangent  to  the  line  of  loads. 

Similar  observations  were  made  at  two  other  points,  namely,  at  the  upper  end  of 


588 


PROFESSOR  J.  A.  EWING  ON  EXPERIMENTAL 


the  cycle  (12-66  kilos.)  and  at  a  steep  part  of  the  off  curve  (2  kilos.).  The  results 
were  as  follows  : — 


Load. 

Magnetometer. 

11 

188 

1178 

186 

12-22 

184-7 

12-66 

183 

12-57 

183 

12-46 

183 

12-22 

183-1 

11-78 

184 

11 

185 

10 

186-7 

9 

188-5 

8 

190 

Load. 

Magnetometer. 

7 

191 

6 

192 

5 

189 

4 

183-6 

3 

172-6 

2 

155-7 

2-09 

155-7 

2-20 

155-8 

2-44 

156-1 

2-87 

157-8 

&c. 

&c. 

These  three  observations  are  plotted  in  Plate  62,  fig.  35.  The  results  render  the 

conclusion  very  probable  that,  if  we  call  3  the  magnetism  and  P  the  stress,  is 

initially  zero  when  the  change  of  stress  is  altered  in  sign  (from  loading  to  unloading, 
or  vice  versa),  provided  the  operation  be  performed  without  mechanical  disturbance. 

§  76.  In  all  the  above  experiments  on  the  effects  of  stress  (§  71  to  §  75)  the  same 
wire  was  used — a  wire  which  had  been  previously  stretched  beyond  its  limit  of 
elasticity.  To  examine  the  effects  of  stress  within  the  limit  of  elasticity  on  the 
magnetism  of  iron  in  the  annealed  state,  and  to  trace  the  changes  which  occur  during 
the  passage  from  the  annealed  to  the  hardened  state  when  the  stress  is  carried  up 
to  and  beyond  the  limit  of  elasticity,  the  following  series  of  observations  were  made 
(March  3-4,  1882)  with  another  piece  of  iron  wire  cut  from  the  same  bundle  as  the 
last.  As  before,  the  magnetising  field  0‘34  was  in  operation  throughout. 

The  wire,  after  being  hung  in  the  vertical  position  behind  the  magnetometer  which 
it  was  to  occupy  during  the  experiment,  was  annealed  twice,— once  with  a  small 
amount  of  weight  hanging  from  it,  which  served  to  straighten  the  wire  when  it 
was  heated  to  redness,  and  a  second  time  after  this  weight  had  been  removed.  A 
weight  of  1  kilo,  was  then  applied  and  removed  several  times,  during  which  the 
magnetisation  rose  somewhat.  When  the  effects  became  cyclic  the  following  readings 
were  taken.  As  before,  the  magnetometer  readings  are  proportional  on  an  arbitrary 
scale  to  the  total  magnetism  of  the  piece. 


Load. 

Magnetometer. 

0 

291 

1 

292 

0 

291 

1 

292 
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In  this,  the  first,  stage  of  loading,  and  with  this  small  amount  of  stress,  on  gave 
increase,  and  off  gave  decrease  of  magnetism. 

Then  the  loading  was  continued,  with  the  result  that  the  application  of  load  up  to 
2  kilos,  carried  the  magnetism  through  a  maximum  down  to  a  value  below  the  initial 
value,  while  unloading  left  it  permanently  raised  :  — 


Load. 

Magnetometer. 

0 

291 

1 

292 

2 

290 

1 

292 

0 

293 

And  another  application  and  removal  gave  : — 


Load. 

Magnetometer. 

0 

293 

1 

292 

2 

290 

1 

291 

0 

293 

Here,  then,  the  effects  having  become  cyclic,  on  gives  fall,  and  off  gives  rise  of 
magnetism,  and  the  presence  of  hysteresis  is  quite  distinct.  This  last  action  is 
repeated  for  all  loads  up  to  the  limit  of  elasticity. 

The  cycles  of  loading  and  unloading  were  now  progressively  extended,  by  going 
1  kilo,  higher  each  time,  but  still  keeping  well  within  the  limit  of  elasticity.  The 
resulting  magnetometer  readings  showed  that,  besides  the  alternate  changes  (on  giving 
fall,  and  off  giving  rise  of  magnetism),  there  was  a  slight  gradual  reduction  of  the 
magnetism,  due,  doubtless,  to  some  hardening  of  the  metal ;  for  the  wire,  although 
not  visibly  stretched,  could  scarcely  fail  to  be  permanently  affected  by  the  application 
of  even  these  moderate  amounts  of  load  : — 
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Soft  Annealed  Iron  Wire  in  Earth’s  Vertical  Field,  Plate  62,  fig.  36. 


Loading  . 
Unloading 

Loading  . 

Unloading 

Loading  . 

Unloading 


Loading  . 


Unloading 


Load. 


Magnetometer. 


293 

292 

290 
2861 
288^ 
2901 
292| 

291 
2891 
2861 
281 

283 
285-r 
288 
291f 
290 
2871 

284 
280 
2741 
277 
279 
282 
286 
290 
288 
285-1 
282 
2781 
274 
266 
268 
271 
274 
277 
281 
287 


Loading  . 


Unloading 


Loading 


Unloading 


Load. 

Magnetometer. 

0 

287 

1 

2851 

2 

2821 

3 

279 

4 

275 

5 

2701 

6 

266 

7 

261 

6 

263 

5 

2651 

4 

2681 

3 

272 

2 

275 

1 

280 

0 

286 

1 

284 

2 

281 

3 

2771 

4 

273 

5 

269 

6 

265 

7 

259^ 

8 

2511 

7 

254 

6 

2564 

5 

259| 

4 

262 

3 

266 

2 

270 

1 

275| 

0 

282 

These  and  the  whole  of  the  following  observations  detailed  in  this  paragraph  are 
shown  graphically  in  Plate  62,  fig.  36. 

At  this  point  a  variation  of  the  process  was  introduced.  The  wire  was  vibrated  by 
tapping,  which  caused  the  reading  to  rise  to  295,  and  the  cycle  of  loads  0-8-0  was 
again  applied  with  vibration  before  each  reading  of  the  magnetometer.  The  readings 
were  as  follows ;  they  are  also  shown  by  the  curves  drawn  thus  — . — . — •  in  fig.  36. 
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Magnetometer  (after 

vibration.) 

r 

0 

295 

i 

296i 

2 

2891 

3 

281 

Loading . ^ 

4 

275| 

5 

267 

6 

2584 

7 

2491 

r 

8 

236 

7 

239 

6 

243 

Unloading . < 

5 

2461 

4 

253 

1 

265 

0 

2581 

It  should  be  noticed  here  that  a  distinct  maximum  is  passed,  near  the  origin,  before 
the  fall  of  magnetism  caused  by  increase  of  load  occurs,  and  a  similar  maximum 
occurs  on  the  off  curve.  The  off  curve  lies  quite  clear  of,  and  below  the  on  curve,  and 
the  whole  operation  has  resulted  in  a  considerable  reduction  of  magnetism.  This  is 
because  the  combined  effect  of  load  up  to  8  kilos,  and  vibration  has  been  to  harden 
the  wire  somewhat,  although  no  drawing  out  was  noticed. 

Next  the  cycle  of  loads  0-8-0  was  again  applied,  this  time  without  vibration,  and 
it  is  interesting  to  notice  that  a  passage  through  a  maximum  occurred  with  a  load  of 
about  2  kilos.,  a  thing  which  would  not  have  happened  if  the  starting-point  had  not 
been  altered  by  the  previous  tapping  (see  also  fig.  36)  : — • 


Load. 

Magnetometer. 

0 

2581 

I 

| 

1 

2611 

1 

2 

2631 

1 

3 

262 

Loading . 

4 

259 

5 

254 

6 

2481 

7 

.  2424 

8 

236 

1 

7 

237 

6 

2391 

5 

242 

Unloading . ■< 

4 

245 

3 

247 

2 

2501 

1 

254 

0 

259 

4  g  2 
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Then  the  application  of  load  was  repeated  and  carried  a  step  further,  to  9  kilos., 
and  then  (after  removal)  to  10  kilos.  At  that  point  the  wire  began  for  the  first 
time  to  draw  slightly,  and  a  marked  change  occurred  in  the  form  of  the  curves  of 
magnetism  and  stress.  This  will  be  apparent  from  the  figures  given  below,  as  well  as 
from  the  corresponding  part  of  fig.  36. 


Load. 

Magnetometer. 

Load. 

Magnetometer. 

0 

259 

0 

255 

1 

257 

1 

253 

2 

255 

2 

251 

3 

2524 

3 

249 

4 

250 

4 

2464 

5 

247 

5 

243| 

6 

2434 

6 

240 

7 

239 

7 

236 

8 

234 

8 

232 

9 

229 

9 

227 

8 

231 

10 

218| 

7 

233 

9 

2204 

6 

236 

8 

2234 

5 

2384 

7 

2254 

4 

241 

6 

2284 

3 

244 

5 

231 

2 

248 

4 

234 

1 

251 

3 

237 

0 

255 

2 

239 

1 

2404 

0 

2394 

The  first  of  these  two  cycles  agrees  in  character  with  the  preceding  ones  ;  we  are, 
in  fact,  still  dealing  with  annealed ,  not  drawn  wire.  But  the  cycle  0-10-0  begins 
the  wire’s  passage  from  the  annealed  to  the  hard  state,  and  the  curves  of  magnetism 
exhibit  a  corresponding  transition.  The  next  stage  in  the  loading,  up  to  11  kilos., 
caused  a  decided  drawing  out,  and  with  it  a  complete  transformation  of  the  curves  into 
the  form  which  has  been  already  described  (§  71)  as  characteristic  of  a  stretched  piece, 
and  substantially  the  same  form  was  retained  with  further  successive  additions  of  load. 
The  load  was  progressively  raised  to  nearly  15 '8  kilos.  Each  step  caused  some 
additional  stretching,  and  the  act  of  stretching  was  accompanied  each  time  by  a  fall 
of  magnetism.  The  curves  of  fig.  36,  showing  the  effects  of  successive  cycles  of 
loading,  consequently  became  lower  and  lower  as  the  operation  was  continued.  The 
position  of  the  maximum  point,  either  on  the  on  or  the  off  curve,  shifts  out  to  the 
right — that  is,  it  occurs  with  a  higher  value  of  the  load,  as  the  cycle  of  loads  is 
extended.  The  broken  lines  in  the  figure  refer  to  the  changes  which  took  place  while 
the  wire  was  in  the  act  of  stretching.  At  each  stage  in  the  stretching  enough  time  was 
given  for  the  wire  to  draw  until  the  magnetometer  reading  became  stationary.  The 
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stretching  took  place  in  several  steps,  and  its  final  effect  was  to  change  the  diameter 
of  the  wire  from  079  to  076  mm.  The  highest  load  reached  was  15 '8  kilos.,  after 
which  a  second  application  of  the  cycle  0-1 5 ‘8-0  was  made.  The  observed  readings 
are  all  given  below,  but  to  avoid  confusion  the  final  off  curve  after  the  last  loading  is 
not  plotted  in  the  figure. 


Same  wire,  becoming  hardened  by  stretching,  Plate  62,  fig.  36. 


Loart. 

Magneto¬ 

meter. 

Load. 

Magneto¬ 

meter. 

Load. 

Magneto¬ 

meter. 

Load. 

Magneto¬ 

meter. 

Load. 

Magneto¬ 

meter. 

0 

239| 

0 

137 

0 

119 

0 

112 

0 

104 

1 

239 

1 

140 

1 

121 

1 

115 

1 

106 

2 

239 

2 

147 

2 

1271 

4-8 

150 

2 

1104 

3 

239 

3 

158 

3 

137 

5-8 

1641 

5-8 

150| 

4 

2384 

4 

1701 

4 

1514 

6-8 

1754 

6-8 

161 

5 

237| 

5 

185 

5 

166 

7-8 

184 

7-8 

1684 

6 

235 

6 

196 

6 

1804 

8-8 

188 

8-8 

1724 

7 

2314 

7 

2031 

7 

1914 

9-8 

188 

9-8 

174 

8 

228 

8 

206 

8 

198 

10-8 

1861 

10-8 

1731 

9 

2241 

9 

206 

9 

198 

11-8 

184 

11-8 

172 

10 

2191 

10 

2041 

10 

197 

12-8 

181 

12-8 

169 

11 

201 

11 

201 

11 

195 

13-8 

178 

13-8 

166 

10 

202 

11-8 

198 

11-8 

192 

14-8 

174 

14-8 

163 

9 

2034 

12-6 

187 

12-6 

189 

15-8 

1581 

153 

1614 

8 

205 

11-8 

188 

13-6 

179 

15-3 

158f 

15-8 

1594 

7 

207 

11 

1891 

14 

1741 

14-8 

1591 

15-3 

160 

6 

208 

10 

191 

136 

175 

138 

1601 

14-8 

1604 

5 

208 

9 

193 

12-6 

1764 

12-8 

162 

13-8 

162 

4 

204 

8 

195 

11-8 

1771 

9 

1681 

12-8 

1634 

3 

1961 

7 

1961 

11 

179 

8 

170 

9 

170 

2 

181 

6 

1971 

10 

181 

7 

171 

8 

171 

1 

163 

5 

196 

9 

183 

6 

169 

7 

172 

0 

137 

4 

191 

8 

1841 

5 

168 

6 

171 

3 

179 

7 

186 

4 

162 

5 

1681 

2 

165 

6 

186 

3 

153 

4 

163 

1 

1444 

5 

183 

2 

140 

3 

1524 

0 

119 

4 

176 

1 

123 
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140 

3 

165| 

0 

104 

1 

124 

2 

152 

0 

106 

1 

134 

0 

112 

§  77.  The  foregoing  observations  show  with  sufficient  distinctness  how  a  wire  which 
has  been  stretched  behaves,  as  regards  magnetism  induced  by  the  earth’s  field,  when 
successively  loaded  and  unloaded.  But  the  behaviour  of  the  wire  while  still  in  the 
soft  annealed  state,  that  is  before  the  stress  has  been  allowed  to  pass  the  limit  of 
elasticity,  requires  further  elucidation.  A  number  of  other  experiments  have  helped 
in  the  analysis  of  the  somewhat  complex  phenomena  which  are  produced  by  loading 
and  unloading  an  iron  wire  while  in  the  annealed  state. 
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When  the  wire  is  annealed  in  the  magnetising  field,  the  amount  of  magnetisation 
which  it  possesses  when  it  has  become  cool  is  an  uncertain  quantity,  and  depends 
much  on  the  rapidity  of  the  cooling,  being  greater  for  slow  than  for  fast  cooling.  As 
soon  as  loading  begins  the  magnetism  rises  rapidly,  especially  when  it  has  chanced 
(perhaps  from  the  cooling  having  happened  somewhat  quickly)  to  have  been  initially 
low.  In  fact,  the  annealed  wire  is,  magnetically,  in  an  extremely  unstable  state,  and 
responds  with  great  sensitiveness  to  the  first  application  of  load,  every  step  of  which 
(up  to  a  certain  limit)  causes  a  rise  of  magnetism.  This  rise  is  not  lost  on  the  with¬ 
drawal  of  the  stress ;  the  application  and  removal  of  load  leaves  the  wire  permanently 
more  magnetic.  Indeed,  the  first  application  and  removal  of  a  small  load  produces 
an  augmentation  of  magnetism  not  unlike  that  which  would  be  produced  by  tapping. 
This  continues  during  several  successive  loadings,  and  it  is  only  when  the  load  has 
been  applied  and  removed  many  times  that  the  changes  of  magnetism  become 
sensibly  cyclic. 

§  78.  Taking  now  the  particular  case  of  the  annealed  iron  wire  already  dealt  with, 
the  character  of  the  effect  of  load  when  it  becomes  cyclic  depends  on  the  limit  to 
which  loading  has  been  carried.  If  the  total  load  has  been  only  1  kilo,  (corresponding 
to  an  intensity  of  stress  of  say  2'1  kilos,  per  sq.  mm.),  then  its  application  gives 
increase  and  its  removal  gives  decrease  of  magnetism,  when  the  cyclic  state  is  reached. 

But  if  the  load  has  been  3  kilos.,  or  anything  greater  (still  not  exceeding  the  limit 
of  elasticity),  the  effect  when  it  becomes  cyclic  is  that  on  gives  fall  and  off  gives  rise 
of  magnetism.  This  corresponds  to  the  effects  shown  in  fig.  36  for  the  cycles  of  load 
from  0-3-0  up  to  0-9-0. 

Now  it  would  seem,  from  the  fact  that  when  1  kilo,  only  is  applied  and  removed  on 
gives  rise  and  off  gives  fall  of  magnetism,  that  there  is  essentially  a  maximum  of 
magnetisation  in  this  annealed  wire  corresponding  to  a  very  small  load,  and  this  view 
is  confirmed  by  curves  taken  with  vibration,  for  in  these  a  maximum  appears  at  or 
near  1  kilo,  of  load.  But  this  maximum  does  not  appear  in  cyclic  curves  given  by 
applying  and  removing  higher  values  of  the  load.  Its  absence  is,  however,  satisfac¬ 
torily  explainable  as  one  of  the  effects  of  hysteresis.  In  fact,  it  still  exists,  but 
hysteresis  shifts  it  to  the  left  of  the  origin,  so  that  successive  applications  and 
removals  of  pull  lie  on  one  side  of  it.  If  we  could  trace  the  effects  of  push  as  well  as 
pull,  the  presence  of  this  maximum  would  be  immediately  detected.  The  diagram 
below  will  make  my  meaning  more  clear. 

Starting  from  A  (a  point  reached,  say,  by  tapping  the  annealed  wire,  when  the  load 
is  zero),  and  beginning  to  load,  we  find  the  magnetism  change  in  the  manner  repre¬ 
sented  by  A  B  C.  Then  on  removal  of  the  load,  the  curve  is  C  D  E,  E  being  the 
value  of  magnetism  corresponding  to  no  load.  The  off  curve  is  still  rising  at  this 
point,  and  my  explanation  of  this  rise,  and  of  the  apparent  absence  of  a  maximum 
point,  is  that  the  maximum  point  is  shifted  to  the  left  by  hysteresis  so  much  as  to 
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fall  outside  the  field  of  the  operations,  namely,  to  the  left  of  the  origin.  If  we  could 
extend  the  experiment  by  applying  ‘push  we  should  expect  to  find  a  continuation  of 
the  curve  such  as  that  sketched  in  a  dotted  line,  with  a  maximum  point  between  E 
and  F.  But  of  course  on  reapplying  the  load  from  zero  the  curve  followed  is  E  G  C, 
and  any  succeeding  repetition  of  the  cycle  gives  a  loop  like  EGCD.  On  the  other 
hand,  if  at  the  beginning  we  had  loaded  with  1  kilo,  only,  on  would  have  given  rise 
and  off  would  have  given  fall  of  magnetism  in  any  repetition  of  the  cycle,  since  in 
that  case  the  whole  action  would  have  been  confined  to  the  ascending  branch  of  the 
curve,  namely,  between  A  and  B. 


In  this  way,  then,  hysteresis  causes  the  maximum  which  would  otherwise  occur  at  or 
near  a  load  of  1  kilo,  to  disappear  when  cyclic  loading  is  continued  with  greater  loads. 
It  also  raises  the  value  of  the  magnetism  found  with  load  =0  to  a  value  which  may 
fairly  be  called  abnormal  (as  at  E  in  the  figure  above),  so  that  subsequent  tapping 
under  no  load  causes  a  fall  of  magnetism. 

§  79.  If  this  explanation  of  the  apparently  anomalous  actions  which  occur  during  the 
loading  and  unloading  of  an  annealed  wire  be  correct,  the  principal  difference  between 
the  curves  before  and  after  stretching  is  in  the  position  of  the  maximum  point. 
Before  stretching  the  maximum  lies  so  near  the  origin  as  to  disappear  in  the  manner 
just  described  when  the  loading  is  repeated  more  than  once.  As  the  range  of  load  is 
increased  it  shifts  towards  the  right,  and  becomes  prominently  visible  when  and  after 
the  limit  of  elasticity  is  reached.  It  continues  to  shift  towards  the  right  as  the  wire 
is  drawn  out  by  successive  increments  in  the  range  of  stress.  We  thus  find  on 
careful  examination  not  only  continuity  between  the  results  obtained  before  and  after 
stretching,  but  an  essential  similarity. 

At  the  same  time,  experiments  both  with  this  and  with  other  specimens  of  iron 
have  shown  that,  when  loaded  and  unloaded  until  the  action  becomes  cyclic,  a  piece 
which  has  not  been  strained  beyond  its  elastic  limit  since  annealing  behaves  after  the 
type  of  curve  No.  1  below,  and  one  which  has  received  permanent  set  behaves  after 
the  type  of  No.  2. 
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This  difference  of  behaviour  appears,  in  fact,  to  form  a  criterion  by  which  we  may 
without  fail  distinguish  a  strained  from  an  annealed  piece. 


No.  1. 


No.  2. 


§  80.  To  illustrate  the  subject  of  §  78  the  following  experiments  may  be  cited. 
The  wire  of  §  76,  now  0‘76  mm.  in  diameter,  was  re-annealed  in  the  vertical 
position  three  times  over.  When  it  had  become  cool,  the  magnetometer  reading  was 
found  to  be  159  (from  the  zero  of  magnetism).  Then  1  kilo,  was  applied,  and  the 
reading  jumped  up  to  220.  Removal  of  the  weight  brought  it  to  218.  The  same 
weight  was  reapplied  and  removed  several  times,  each  time  with  the  result  that  on 
gave  rise  and  off  gave  fall  of  magnetism,  while  the  successive  operations  gradually 
increased  the  magnetism.  Then  the  range  of  loading  was  extended.  Thus  : — 
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Soft  Annealed  Iron  Wire  in  Earth’s  Vertical  Field,  Plate  62,  fig.  37. 


Load. 

Magnetometer. 

0 

159 

(initial) 

1 

220 

Sudden  rise  of  magnetism  by  first  application  of  load. 

(first  application) 

0 

218 

1 

222 

0 

2201 

Here  on  gives  rise  and  off  gives  fall  of  magnetism. 

1 

224 

0 

222 

1 

2251 

2 

247 

Note  here  the  sudden  rise  of  magnetism  caused  by  this  exten- 

1 

248 

sion  in  the  range  of  loading. 

0 

248 

1 

248 

2 

248 

3 

249 

2 

251 

1 

253 

0 

254 

-  ; 

1 

253f 

Here  we  have  distinctly  reached  the  condition  in  which  off 

2 

252 

gives  rise  and  on  gives  fall  of  magnetism. 

3 

2501 

2 

252 

1 

254 

0 

2551 

1 

255 

2 

253 

3 

2511 

3 

246 

After  tapping  the  wire. 

2 

2481 

Without  tapping. 

2 

275 

After  tapping. 

1 

277 

Without  tapping. 

1 

299 

After  tapping. 

0 

301 

Without  tapping  f  This  shows  well  how  hysteresis  leaves 

0 

281 

After  tapping  <  the  value  of  the  magnetism  for  zero 

* 

{_  load  abnormally  raised. 

1 

284 

Without  tapping. 

1 

295 

After  tapping. 

2 

293 

Without  tapping. 

2 

289 

After  tapping. 

3 

286 

Without  tapping. 

3 

272 

After  tapping. 

2 

275 

Without  tapping. 

2 

286 

After  tapping. 

1 

289 

Without  tapping. 

1 

304 

After  tapping. 

0 

306 

Without  tapping. 

0 

279 

After  tapping. 

3 

281 

Without  tapping. 

0 

287 

55  55 

3 

281 

5  5  55 

0 

287 

5  5  5  5 

*  Up  to  this  point  these  observations  are  plotted  in  Plate  62,  fig.  37.  The  remaining  operations 
have  heen  omitted  from  the  figure  to  avoid  confusing  it.  The  dotted  curve  showing  a  maximum  at 
about  J  kilo,  is  a  curve  drawn  through  the  points  reached  by  tapping.  The  tapping  was  not  violent,  in 
order  that  the  soft  wire  should  be  kept  from  injury,  and  for  that  reason  the  succeeding  on  and  final  oft 
curves  with  tapping  do  not  nearly  coincide. 

MDCCCLXXXY.  4  H 
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§  81.  To  examine  further  the  state  of  instability  which  is  reached  by  annealing  in 
the  magnetic  field,  the  wire  was  again  annealed  with  no  load  on  it ;  then  on  cooling — 


Load. 

Magnetometer. 

0 

295 

1 

311 

0 

309 

1  kilo,  on  and  off 

five  times,  then 

0 

309 

1 

311 

In  this  instance,  perhaps  because  of  slower  cooling,  the  initial  magnetism  was  much 
nearer  its  full  normal  value  than  in  the  last  case,  and  a  cyclic  state  was  reached  after 
a  single  application  of  the  load. 

The  wire  was  again  annealed,  by  being  heated  to  redness  and  allowed  to  cool  very 
slowly.  The  reading  was  then  316,  and  the  application  of  1  kilo,  raised  it  only  to 
317. 

Finally  the  wire  was  again  heated  to  redness,  and  cooled  as  quickly  as  possible  (in 
air).  The  magnetometer  reading  was  then  exceptionally  low,  and  the  first  application 
of  load  caused  a  great  rise. 

Then,  as  before,  successive  applications  and  removals  of 

1  kilo,  gave  on  +,  off  — 

2  kilos,  gave  doubtful,  scarcely  visible  effects, 

3  kilos,  gave  on  — ,  off  + 

4  kilos,  gave  on  — ,  off 

§82.  The  same  wire  was  again  annealed,  and  the  cycle  0  —  4  kilos.  —0  was  per¬ 
formed  several  times,  until  the  changes  of  magnetism  became  cyclic.  Observations 
were  then  taken  during  the  cycle  0  —  4  —  0  which  gave  the  curves  a  b  c  d  a  of  Plate  62, 
fig.  38.  Then  the  same  cycle  was  repeated,  with  vibration  of  the  wire  before  each 
observation,  and  the  curves  ef  g  h  e  were  obtained.  Finally,  starting  at  e,  the  cycle 
0  —  4  —  0  was  again  performed  twice  without  vibration.  This  gave  the  curves 
eij  Icl  m  n  o. 

These  observations  confirm  what  has  been  already  said  as  to  the  existence  of  a 
maximum  point  near  the  zero  of  stress  in  the  effects  of  stress  on  the  magnetism  of 
annealed  iron.  The  maximum,  which  had  been  obliterated  by  hysteresis  in  the  cycle 
abccl  a  appears  again  in  the  vibration  curves,  and  is  again  seen  to  disappear  when 
the  process  of  loading  and  unloading  is  resumed,  without  vibration.  The  curves 
ijklmno  show  the  manner  of  this  disappearance  very  plainly,  and  support  the 
conclusions  of  §  78.  A  few  more  repetitions  of  the  cycle  would  restore  completely  a 
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simple  loop  like  abed,  but  at  a  higher  part  of  the  diagram,  since  during  vibration 
the  magnetisation  has  been  permanently  raised. 

§  83.  Effects  of  Stress  on  Residual  Magnetism. — Throughout  the  foregoing  exami¬ 
nation  of  the  effects  of  stress  the  vertical  component  of  the  earth’s  magnetic  force 
(about  0’34  e.g.s.  units)  was  acting  longitudinally  on  the  pieces  tested.  The  effects 
observed  were  therefore  due  in  part  to  the  influence  of  stress  on  the  inductive 
susceptibility  of  the  iron,  and  in  part  to  the  influence  of  stress  on  the  existing  mag¬ 
netisation.  In  order  to  study  the  effects  of  stress  on  residual  magnetism  a  solenoid 
was  placed  round  the  wire  throughout  its  whole  length,  and  a  constant  current  from  a 
gravity  Daniell’s  cell  was  kept  up  in  the  solenoid,  its  strength  being  adjusted,  by 
the  introduction  of  suitable  resistance,  to  a  value  which  produced  within  the  solenoid 
a  field  just  equal  and  opposite  to  the  vertical  component  of  the  terrestrial  field. * 
This  left  the  wire  free  from  longitudinal  magnetising  force,  and  the  changes  of  its 
residual  magnetism,  caused  by  applying  and  removing  loads,  were  then  observed  by 
the  magnetometer  as  before. 

A  piece  of  the  same  iron  wire  as  before  (0-79  mm.  in  diameter  and  33  centims.  long) 
was  annealed  and  placed  within  the  solenoid,  in  which,  however,  there  was  at  first  no 
current.  The  wire  was  loaded  several  times,  up  to  8  kilos.,  with  the  earth’s  vertical 
force  acting,  and  was  also  tapped,  with  the  result  that  at  the  zero  of  load  the  magneto¬ 
meter  showed  a  deflection  of  450.  Then  a  current  neutralising  the  field  was  made  in 
the  solenoid,  and  the  magnetism  of  the  wire  fell  to  440.t  This  residue  diminished 
quickly  when  loads  were  again  applied,  as  follows,  but  several  repetitions  of  the  cycle 
0  —  8  —  0  brought  about  a  cyclic  state  of  matters,  of  the  kind  which  has  been  already 
described  as  produced  in  annealed  iron  by  loading  and  unloading  under  the  action  of 
a  constant  field. 

§  84.  Then  the  range  of  load  was  extended.  Each  addition  caused  a  fall  of  residual 
magnetism ;  especially  when  (at  12  kilos.)  the  limit  of  elasticity  -was  reached  and  the 
wire  began  to  draw.  At  13  kilos.,  when  the  wire  had  drawn  about  5  per  cent.,  it  was 
unloaded  and  the  cycle  0  — 13  —  0  repeated.  The  curve  already  described  as  charac¬ 
teristic  of  the  effects  of  stress  on  a  stretched  wire  in  an  inducing  field  reappears  here 
as  equally  characteristic  of  the  effects  of  stress  on  a  stretched  wire  when  there  is  no 
inducing  field,  and  when  the  magnetism  which  is  varied  is  wholly  residual.  The 
observations  are  as  follows  :  they  are  also  shown  in  Plate  63,  fig.  39. 


*  This  adjustment  was  tested  at  intervals  by  removing  from  the  solenoid  the  wire  under  examination 
and  substituting  in  its  place  a  wire  of  specially  soft  annealed  iron.  If  tapping  reduced  the  magnetism 
of  this  wire  to  zero  the  adjustment  of  the  current  was  correct. 

f  This  proportion  of  residual  to  induced  magnetism,  namely,  or  97'8  per  cent.,  is  higher  than  in 
any  of  the  experiments  described  in  the  earlier  part  of  this  paper.  It  must,  however,  be  noted  that  in 
this  case  the  wire  was  tapped  while  the  inducing  field  was  acting,  and  then  the  field  was  removed  with¬ 
out  tapping. 
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Effects  of  Stress  on  Residual  Magnetism  (April  11,  1882),  Plate  63,  fig.  39. 


Load. 

Magnetoineier.* 

Load. 

Magnetometer. 

0 

450 

9 

263 

in  earth’s  field 

10 

253 

0 

440 

11 

244 

residual 

12 

233 

1 

436 

13 

192 

2 

3 

429 

410 

Wire  drew  about  5  per  cent. 

4 

387 

121 

192 

5 

360 

12 

193 

6 

335 

11 

1931 

7 

317 

10 

194 

8 

302 

9 

195 

•7 

303 

8 

195 

6 

306 

7 

1931 

5 

310 

6 

189i 

4 

314 

5 

181 

3 

318 

4 

166 

2 

324 

3 

146 

1 

329 

2 

127 

0 

330 

1 

103 

Cycle  0  —  8—0  made  six  times;  then 

0 

1 

81 

84 

0 

300 

2 

89 

1 

298 

3 

96 

2 

296 

4 

107 

3 

292 

5 

121 

4 

288 

6 

134 

5 

284 

7 

147 

6 

279 

8 

155 

7 

2741 

9 

160 

8 

270 

10 

162 

7 

272 

11 

162 

6 

275 

12 

161 

5 

278 

13 

1591 

4 

282 

12 

160 

3 

285 

11 

161 

2 

290 

10 

162 

1 

294 

9 

163 

0 

3C0 

8 

1631 

1 

2974 

7 

163 

2 

295 

6 

161 

3 

2911 

5 

157 

4 

287 

4 

148 

5 

282 

3 

135 

6 

279 

2 

118 

7 

274 

1 

98 

8 

269 

0 

78 

*  In  this  series,  one  division  of  the  magnetometer  scale  corresponds  to  3= O’ 77  in  c.g.s.  units  befo 
stretching,  and  3=0-8  after  stretching.  The  initial  value  of  3  was,  therefore,  346.  The  final  reading 
of  78  divisions  gives  3  =  62.  Each  kilo,  of  load  corresponds  to  a  stress  of  2'08  kilos,  per  sq.  mm.  before 
stretching,  and  2’18  after  stretching. 


RESEARCHES  IN'  MAGNETISM. 


G01 


§  85.  The  above  operations  are  shown  on  the  left  hand  side  in  fig.  39.  The  curves 
on  the  right  hand  side  of  the  same  figure  refer  to  the  following  subsequent  opera¬ 
tions.  for  which  the  observed  numbers  need  not  be  given.  After  several  repetitions 
of  the  cycle  0 — 13  —  0,  still  acting  only  on  the  residual  magnetism,  the  curves  ab  were 
taken.  Then  the  earth’s  force  was  allowed  to  act  (that  is  to  say,  the  neutralising 
current  in  the  solenoid  was  broken)  and  the  cycle  0  —  13  —  0  was  applied  twice.  The 
results  of  the  second  application  are  shown  in  the  curves  cd.  Comparing  cd  with  ab 
we  see  that  in  the  inducing  field  the  range  of  change  of  magnetism  caused  by  change 
of  stress  is  greater  than  when  we  are  dealing  with  residual  magnetism  only,  and  the 
former  changes  occur  of  course  at  a  higher  position  in  the  diagram  than  the  latter  ; 
but  the  general  character  of  the  curves  is  substantially  the  same  in  both  cases.  At 
the  end  of  the  cycle  cd  the  magnetometer  reading  was  140,  and  on  tapping  the  wire 
this  fell  to  105,  showing  how,  as  a  result  of  hysteresis,  the  value  of  the  magnetism  for 
zero  of  load  was  abnormally  raised. 

Next  the  neutralising  current  was  again  applied,  and  the  wire  was  tapped 
(load  =  0).  The  residual  magnetism  fell  to  53.  Loading  and  unloading  then  gave 
the  curves  e f  which,  in  consequence  of  hysteresis,  left  the  residual  magnetism  at  the 
end  greater  by  18  scale  divisions  than  it  was  (after  tapping)  at  the  beginning.  Tapping 
again  reduced  it  to  very  nearly  its  former  value. 

Finally,  another  cycle  of  loads  was  applied  with  vibration  before  each  reading,  but 
the  wire  was  broken  at  its  bottom  end  by  too  violent  tapping  during  the  removal  of 
load.  The  curves  for  this  operation  are  g  and  h.  Although  during  the  operation 
the  residual  magnetism  was  suffering  a  great  additional  reduction  by  the  combined 
effects  of  tapping  and  stress,  a  maximum  of  residual  magnetism  occurred  in  g  at  an 
intermediate  value  of  the  stress,  as  the  curves  taken  without  tapping  lead  us  to 
expect. 

It  appears,  then,  that  the  effects  of  stress  on  the  magnetism  of  iron,  annealed  or 
drawn,  are  substantially  the  same,  whether  the  magnetism  be  induced  or  residual.  In 
the  latter  case  the  effects  are  complicated  by  the  gradual  working  out  of  the  residual 
magnetism  by  successive  loadings,  just  as  in  the  former  case  they  are  complicated  by 
the  gradual  working  in  of  the  induced  magnetism,  but  when  any  operation  is  repeated 
often  enough  to  give  nearly  cyclic  effects  this  complication  is  eliminated,  and  we  then 
find  the  effects  of  stress  to  be  substantially  identical  in  the  two  cases. 

§  86.  Effects  of  Stress  on  Magnetism  induced  by  Fields  of  Various  Strengths  (April  13, 
1882).— The  iron  wire  of  the  last  paragraph  (diameter  0‘77  mm.),  which  had  been 
broken  close  to  one  end,  was  again  used,  the  length  being  now  30 '5  centims.  It  was 
not  re-annealed,  but  tested  in  the  drawn  condition  to  which  it  had  been  brought  by 
the  operations  already  described.  By  gradually  increasing  the  current  in  the  solenoid 
surrounding  the  wire,  the  magnetising  field  was  brought  to  the  value  3*33  c.g.s.  units  ; 
during  this  time  there  was  no  load  on  the  wire.  Loading  was  then  begun,  and  every 
addition  caused  at  first  an  enormous  increase  of  magnetism.  Thus  : — - 
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Load. 

Magnetometer 

reading. 

3. 

kilos. 

Field  raised  to  3\33  .... 

0 

173 

144 

Began  loading . 

1 

246 

205 

2 

341 

292 

3 

467 

389 

4 

586 

409 

5 

678 

565 

&c. 

At  about  10  kilos,  a  maximum  was  passed.  The  load  was  increased  up  to  13  kilos., 
then  removed,  and  the  cycle  0  —  13  —  0  was  repeated  three  times,  with  the  result  that 
the  changes  of  magnetism  became  nearly  cyclic.  At  the  third  repetition  the  following 
readings  were  taken  : — • 


Load. 

Magnetometer. 

3. 

Load. 

Magnetometer. 

3. 

0 

682 

569 

13 

837 

697 

1 

690 

575 

12 

844 

703 

2 

711i 

593 

11 

853 

711 

3 

751 

626 

10 

863 

719 

4 

794 

662 

9 

873 

727 

5 

836 

697 

8 

883 

736 

6 

869 

724 

7 

892 

744 

7 

890i 

742 

6 

901 

751 

8 

899 

749 

5 

905 

754 

9 

897 

747 

4 

900 

750 

10 

887 

739 

3 

879 

732 

11 

873 

727 

2 

835 

696 

12 

856 

713 

1 

774 

645 

13 

837 

697 

0 

690 

575 

This  cycle  is  shown  in  Plate  63,  fig.  40,  where  it  is  marked  IV.  The  dotted  fine 
running  up  through  the  diagram  shows  the  effect  of  the  loads  which  were  first  applied 
after  the  magnetising  force  had  been  brought  to  the  value  3 '3 3,  at  which  it  was  kept 
during  the  remainder  of  the  operation.  Here,  as  in  previous  experiments  to  which 
attention  was  drawn  in  §  81,  the  first  process  of  loading  finds  the  magnetism  in  an 
exceedingly  sensitive  state,  ready  to  respond  by  leaps  and  bounds  to  the  successive 
increments  of  stress.  The  conditions,  however,  are  different  in  the  two  cases.  The 
wire  of  §  81  had  previously  been  annealed  in  the  magnetic  field.  In  the  present 
instance  the  field  had  been  gradually  increased  to  a  constant  value  before  the 
load  was  applied.  We  know  already  that  the  induced  magnetism  so  reached  is 
exceedingly  sensitive  to  mechanical  vibration  (cf.  §  49),  and  we  now  find  a  similar 
sensitiveness  to  application  of  stress,  although  unaccompanied  by  any  vibration. 

When  the  action  is  repeated  often  enough  to  bring  the  changes  of  magnetism  to  a 
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nearly  cyclic  state,  the  form  of  curve  with  which  we  are  already  familiar  is  given, 
with  a  maximum  at  8^  kilos,  on  the  on  branch,  and  at  5  kilos,  on  the  off  branch. 

The  wire  being  now  without  load,  the  magnetising  current  was  next  reduced  to  the 
value  just  necessary  to  neutralise  the  earth’s  vertical  force — in  other  words,  the  field 
was  reduced  to  zero — and  the  effects  of  stress  on  the  residual  magnetism  were 
examined.  The  effect  of  the  first  application  of  the  cycle  0  —  13  —  0  on  the  residual 
magnetism  is  shown  in  the  curves  marked  IV«.  in  fig.  40.  We  see  in  it  the  resultant 
of  two  actions,  viz.,  the  usual  cyclic  effect  and,  superposed  on  it,  a  rapid  reduction 
due  to  magnetic  instability.  On  applying  a  load  of  1  kilo,  the  fall  of  residual 
magnetism  (resembling  the  fall  which  would  be  caused  by  tapping,  or  the  rise  which 
either  tapping  or  loading  would  cause  in  the  magnetism  induced  by  an  increasing 
field)  more  than  counterbalances  the  small  augmentation  of  magnetism  which  (in  the 
cyclic  condition)  would  be  the  effect  of  this  load,  and  a  curious  dip  at  the  beginning 
of  the  on  curve  is  the  result.  Then  the  augmentation  by  stress  becomes  relatively 
more  influential,  until  the  maximum  is  passed,  after  which  the  two  actions  combine  to 
give  a  rapid  fall  of  magnetism  as  the  load  is  further  increased. 

The  cycle  0  — 13  —  0  was  again  applied  twice,  and,  when  the  residual  magnetism  had 
settled  into  a  nearly  steady  state,  the  cycle  shown  at  IV&.  in  fig.  40  was  taken. 

The  same  wire  was  then  subjected  to  several  other  magnetising  fields,  and  cycles  of 
loading  performed  in  them.  The  results,  in  each  case  after  the  cycle  0—13  —  0  had 
been  repeated  several  times,  are  shown  in  fig.  40,  where  the  curves  are  numbered  as 
follows  : — 

No.  of  curve.  Magnetising  field  (c.g.s.  units). 


I. 

0-34 

II. 

1-66 

III. 

2-17 

IV. 

3*33 

V. 

5-17 

The  curves  show  the  values  of  3  and  the  total  load,  which  can  be  reduced  to  kilos, 
per  sq.  mm.  by  multiplying  it  by  2 ’18. 

§  87.  (May  5,  1882.)  In  the  above  experiment  the  range  of  magnetising  force  was 
somewhat  limited,  and  the  following  experiments  were  made  to  test  the  effects  of 
stress  on  higher  values  of  magnetisation. 

In  this  and  subsequent  experiments  the  method  of  demagnetising  by  reversals  of  a 
gradually  diminishing  current  was  used  to  bring  the  wire  to  an  initially  neutral  state 
between  successive  operations.  The  method  has  been  described  in  §  19. 

The  wire  was  the  same  piece  of  iron  as  before  (§§  83-86),  but  before  these  experi¬ 
ments  it  was  re-annealed  and  then  stretched  by  a  load  of  15^  kilos,  which  stretched  it 
from  30*4  to  31 ’8  centims.  The  effects  of  loading  up  to  15  kilos,  were  examined  in 
three  fields,  viz.,  0'34,  2*49,  and  18‘65  c.g.s.  units.  The  operations  in  each  case  were 
as  follows  : — 
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(1)  Demagnetisation  by  reversals  with  no  load  on. 

(2)  Application  of  the  magnetising  field  with  no  load  on. 

(3)  Loading  and  unloading  (0—15  —  0)  until  a  nearly  cyclic  state  was  reached. 

The  effects  of  the  first  loading  in  each  field  are  shown  by  dotted  lines  in  Plate  63, 
fig.  41,  and  the  cyclic  effects  reached  after  several  repetitions  of  the  loading  are 
shown  by  full  lines  in  the  same  figure. 

Thus  the  point  a  (fig.  41)  is  the  magnetism  reached  by  applying  a  force  0'34  with¬ 
out  load.  The  curves  ab,  be  are  the  effects  of  loading  to  15  kilos,  and  unloading  in 
this  field.  The  full  lines  just  above  them  are  the  still  very  imperfectly  cyclic  effects 
given  by  a  repetition  of  the  cycle  0  —  15  —  0  in  the  same  field. 

Similarly  the  points  d  and  e  are  the  values  of  magnetism  reached  by  applying  the 
fields  2 ‘49  and  18 '65  respectively;  the  dotted  lines  starting  from  these  points  show 
the  effects  of  the  first  loading  in  those  fields  ;  and  the  full  lines  above  them  the  cyclic 
effects  after  two  or  three  loadings. 

The  curves  fg  h  show  the  effects  of  stress  on  the  residual  magnetism  left  after  the 
removal  of  the  field  2 '49.  The  wire  has  been  more  stretched  here  than  in  the  experi¬ 
ment  of  §  86,  and,  probably  for  that  reason,  appears  to  be  somewhat  more  persistently 
retentive  in  the  present  case. 

It  is  interesting  to  notice  here  how  the  susceptibility  to  the  action  of  stress,  as 
regards  both  the  first  general  augmentation  and  the  subsequent  cyclic  changes  of 
magnetism,  is  greater  in  the  intermediate  field  of  2'49,  than  in  either  the  strong 
or  the  weak  field.  In  the  weak  field  the  magnetic  effects  are  still  not  cyclic  after 
many  repetitions  of  the  cycle  of  load.  In  the  high  field,  on  the  other  hand,  a 
sensibly  cyclic  state  is  reached  after  a  single  loading. 

The  maximum  point  occurs  at  a  lower  load  as  the  strength  of  the  field  is  raised. 

The  general  effect  of  putting  on  15  ki]os.  is  positive  for  the  low  field,  more 
strongly  positive  for  the  intermediate  field,  but  negative  for  the  high  field.  This 
reversal  of  the  effects  of  on  and  off,  by  increase  of  the  magnetising  field,  was  noticed 
first  by  Ahllari,  and  afterwards  independently  by  Thomson,  who  has  since  named  it 
the  “  Villari  reversal.”* 

§  88.  To  study  more  particularly  the  forms  of  the  curves  of  magnetism  and  load 
during  the  passage  of  the  effects  of  stress  through  a  maximum,  and  the  reversal 
of  these  effects  in  high  fields,  the  following  series  of  observations  was  made,  in  which 
a  variety  of  magnetising  fields  ranging  up  to  34  e.g.s.  units  were  employed. 

(May  8th,  1882.)  The  same  wire  was  further  stretched  under  a  load  of  18 '5  kilos., 
suffering  an  additional  elongation  of  3  per  cent.  After  demagnetisation  by  reversals, 
with  no  load  on,  a  magnetising  field  was  gradually  applied,  and  then  kept  constant 
during  the  changes  of  load.  Loads  were  applied,  up  to  18 '5  kilos.,  removed, 
reapplied,  and  so  on.  The  load  was  then  removed,  the  wire  demagnetised  by 

*  Villari :  Pogg.  Ann.,  CXXVI.,  1868;  Thomson:  Phil.  Trans.,  1879,  p.  55. 
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reversals,  a  new  field  applied,  and  the  operation  of  loading  and  unloading  resumed. 
The  results  are  shown  in  Plate  63,  fig.  42,  and  it  would  lengthen  this  paper  needlessly 
to  give  all  the  recorded  numerical  values.  The  effects  of  the  first  loading  after  the 
application  of  each  magnetising  field  are  shown  in  dotted  lines  :  the  effects  of  a  cycle 
0  —  1 8 '5  —  0  after  several  repetitions  had  brought  about  a  nearly  cyclic  state  of  matters, 
are  shown  in  full  lines.  The  wire  was  demagnetised  by  reversals  before  the  applica¬ 
tion  of  each  new  magnetising  field.  The  fields  were  : — 


Curve 

Magnetising  field 

(in  fig.  42). 

(in  c.g.s.  units.) 

I. 

0-34 

II. 

2'49 

III. 

575 

IV. 

8-6  ’ 

V. 

11-6 

VI. 

20-1 

VII. 

34-0 

One  kilo,  of  total  load  corresponds  to  2 '3  kilos,  per  sq.  mm. 

This  series  of  curves  shows  well  the  gradual  transformation  which  occurs  as  we 
increase  the  intensity  of  magnetisation,  before  applying  cyclic  changes  of  stress. 
As  the  region  of  magnetic  saturation  is  reached  the  maximum  points  on  the  on  and 
off  branches  occur  with  lower  and  lower  values  of  the  load,  and  the  descending 
branch  of  the  on  curve  (to  the  right  of  the  maximum )  becomes  a  more  and  more 
important  part  of  the  whole.  In  the  highest  curve  (No.  VII.)  it  constitutes,  in 
fact,  nearly  the  whole  action,  and  the  off  maximum  point  comes  very  near  the  zero 
of  load,  with  the  result  that  the  subsequent  on  curve  starts  from  so  high  a  point 
as  to  exhibit  no  maximum  at  all.  To  the  last,  however,  the  initial  curve  of  loading, 
after  the  field  has  been  applied,  shows  a  maximum  point,  though  that  also  comes 
nearer  the  zero  of  load  as  the  wire  becomes  more  strongly  magnetised.  The 
resultant  effect  of  the  first  loading  passes  a  maximum,  but  remains  positive  in 
all  but  the  highest  curve  ;  and  after  the  cyclic  state  is  established  the  general  effect 
of  on  load  is  positive  up  to  curve  V.,  and  has  its  maximum  in  curve  II.  The 
following  table  shows  some  of  the  results  declucible  by  a  comparison  of  the  curves  : — 
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Effects  of  Stress  on  a  Stretched  Iron  Wire  in  Constant  Magnetic  Fields,  Plate  63, 

fig.  42. 


(1) 

Mag¬ 

netising 

field, 

b- 

(2) 

Initial 

(S) 

This  was 
changed  . 

Difference 

Cyclic  effects  of  1 8*5  kilos. 

Value  of  load  in  kilos  giving 
maximum  of  15. 

No.  of 
curve. 

3 

value  of 
before 
loading. 

by  first 
appli¬ 
cation  of 
18‘5  kilos, 
to 

(3) -(2) 
showing 
effect  of 
first  on. 

Value  of 

3 

for  off. 

Value  of 

3 

for  on. 

Difference 
on  —  off 

During 

first 

loading. 

During 
cyclic  on. 

During 
cyclic  off. 

i. 

0-34 

7 

75 

68 

110 

183 

73 

14 

10-7 

7-0 

ii. 

2-49 

50 

590 

540 

463 

614 

151 

11 

98 

6-l 

in. 

5-75 

195 

740 

545 

642 

748 

106 

10 

9-6 

5-9 

IV. 

8-6 

372 

842 

470 

776 

845 

69 

9-8 

9-5 

5-7 

V. 

11-6 

527 

907 

380 

870 

910 

40 

9-6 

9-4 

5-4 

VI. 

20-1 

875 

1045 

170 

1115 

1045 

-  70 

8-4 

8-2 

4-7 

VII. 

34-0 

1185 

1140 

-  45 

1270 

1141 

-129 

4-8 

Xo  maxi¬ 
mum. 

1 

The  numbers  in  column  (2)  are  the  values  of  3  reached  by  applying  each  magnetic 
field  to  the  previously  demagnetised  wire.  They  correspond  to  the  starting  points  of 
the  dotted  lines  in  fig.  42. 

By  comparing  figs.  40,  41,  and  42,  as  well  as  from  fig.  36,  we  see  that  the  position 
of  the  maximum  point  is  shifted  out  (that  is,  towards  higher  values  of  the  load)  the 
more  the  wire  is  stretched.  It  is  not,  however,  shifted  out  so  far  as  to  prevent  the 
descending  (right  hand)  limb  of  the  curve  from  becoming  relatively  larger  as  the 
range  of  loading  is  extended  by  successive  stretchings.  This  limb  is  most  prominent 
in  fig.  42,  where  the  range  of  loading  is  extended  to  18 '5  kilos.,  although  the  maximum 
points  occur  there  at  higher  loads  than  in  figs.  40  and  41,  in  which  the  amount  of 
stretching  was  less. 

§  89.  Similar  Experiment  with  a  Soft  Annealed  Wire.  —  Only  one  more 
experiment  of  the  same  class  as  the  foregoing  need  be  referred  to  in  detail.  It 
was  made  (May  26,  1882)  on  another  specimen  of  the  same  kind  of  iron  wire 
as  before  (0‘79  mm.  diameter  and  33  centims.  long)  to  test  the  effects  of  load 
in  various  magnetic  fields  when  the  wire  was  in  the  soft  annealed  state.  The  wire 
was  carefully  annealed  and  surrounded  by  two  solenoids,  in  one  of  which  a  current 
was  maintained  which  neutralised  the  vertical  component  of  the  earth’s  field,  while 
the  other  was  used  to  give  the  desired  magnetising  force.  The  wire  (whose  limit  of 
elasticity  was  pretty  sharply  defined  at  10  kilos.)  was  never  loaded  with  more  than 
6  kilos.,  and  instead  of  reducing  the  load  to  zero  in  each  cyclic  application,  a  load  of 
1  kilo,  was  kept  always  on,  in  order  to  avoid  errors  due  to  local  bending  and  unbend¬ 
ing-,  which  are  much  more  Table  to  occur  when  we  are  dealing  with  annealed  wire 
than  with  wire  which  has  been  well  straightened  by  stretching.  The  process  ol 
experiment  was  in  other  respects  the  same  as  before.  Before  the  application  of  each 
magnetising  field  the  wire  was  demagnetised  by  reversals  (with  1  kilo,  on),  then  the 
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field  was  applied,  and  then  a  cycle  of  loads  1  —  6  —  1  was  applied  several  times  while 
the  magnetic  changes  were  noted.  Except  in  the  region  of  approximate  saturation, 
the  first  effects  of  loading  were  positive,  but  in  succeeding  applications  on  gave 
diminution  and  off  gave  increase  of  magnetism,  the  curves  for  on  and  off  forming  a 
simple  loop  like  that  already  described  in  speaking  of  the  effects  of  stress  on  an 
annealed  wire  exposed  to  the  vertical  component  of  earth’s  field.  (§  78.) 

The  action  was  in  this  case  examined  in  fields  ranging  up  to  12  c.g.s.  units,  and 
the  results  are  shown  in  Plate  64,  fig.  43,  where  the  curves  are  numbered  as 
follows  : — 


Curve. 

Magnetising  field 
(in  c.g.s.  units.) 

I. 

0-68 

II. 

1-50 

III. 

2-05 

IV. 

273 

V. 

3-41 

VI. 

478 

VII. 

12-0 

The  line  which  (in  every  case  but  curve  VII.)  slopes  up  to  the  right  starts  from  the 
value  of  magnetism  reached  by  applying  the  field  to  the  (previously  demagnetised) 
wire,  and  shows  the  effect  of  the  first  loading.  The  cycle  of  loads  was  not  applied 
often  enough  to  make  the  changes  of  magnetism  cyclic,  except  at  the  highest  mag¬ 
netisation,  where  (as  in  the  stretched  wire  already  referred  to)  a  cyclic  state  is  reached 
very  quickly.  In  each  field  the  effects  of  several  successive  loadings  and  unloadings 
are  exhibited  in  fig.  43,  in  a  way  which  inspection  of  the  figure  will  make  obvious. 
Curve  la  was  obtained  in  the  field  0'68  by  tapping  the  wire  and  then  applying  and 
removing  loads. 

Each  kilo,  of  load  corresponds  in  this  wire  to  a  stress  of  2‘04  kilos,  per  sq.  mm. 

§  90.  Curves  of  3  cmcl  <§  taken  under  Constant  Load. — Concurrently  with  the  series 
of  experiments  described  in  §§  87-88,  and  represented  in  figs.  41  and  42,  another  series 
of  observations  was  conducted  on  the  same  wires  and  with  these  in  the  same  states  as 
in  the  foregoing  tests,  by  a  wholly  different  method.  Each  wire,  after  being  demag¬ 
netised  by  reversals,  had  a  definite  load  applied  to  it.  Then  magnetising  force  was 
gradually  applied,  and  the  relation  of  3  to  <§  was  observed.  This  gave  a  curve  of 
magnetisation  under  that  particular  load.  Then,  after  demagnetisation,  a  different 
load  was  put  on,  another  curve  of  magnetisation  taken  by  again  applying  magnetising 
force,  and  so  on.  The  magnetising  force  was  applied  gradually  and  continuously  by 
means  of  the  slide  described  in  §  18,  and  the  magnetisation  was  observed  by  the 
direct  magnetometric  method.  In  fact,  as  regards  measurement  of  magnetism  and 
field,  the  conditions  of  each  experiment  were  identical  with  those  under  which  the 
changes  of  magnetism  were  caused  by  changing  loads  in  a  constant  field,  and  the 
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same  factors  were  used  to  reduce  to  absolute  measure  the  results  of  these  two 
methods  of  experiment.  The  results  of  the  two  are,  therefore,  directly  comparable 
with  each  other.* 

§  91.  Annealed  Iron  Wire. — In  the  group  which  I  shall  first  describe  of  observations 
made  in  this  way  the  wire  of  §  87  was  used,  but  in  the  soft  annealed  state  which 
preceded  the  stretching  by  15^  kilos,  there  described.  Curves  of  the  relation  of 
magnetisation  to  magnetising  force  were  taken  (May  1,  1882)  with  loads  of  1,2,  4, 
and  6  kilos.,  as  well  as  with  no  load,  and  after  each  curve  taken  with  load,  the  load 
was  removed  and  a  curve  without  load  taken,  in  order  to  see  whether  the  loading 
had  produced  any  permanent  change  in  the  quality  of  the  metal.  For  brevity  a 
curve  of  3  and  <*0,  taken  with  no  load  on  the  wire,  will  be  called  a  “  normal  ”  curve. 
The  normal  curves  after  each  unloading  agreed  so  very  approximately  with  one  another 
as  to  show  that  loading  up  to  6  kilos,  did  not  sensibly  harden  the  wire.  It  should  be 
remembered  that  as  the  diameter  was  0'77  mm.  1  kilo,  of  load  corresponds  to  a  stress 
of  2T5  kilos,  per  sq.  mm.  After  each  magnetisation  the  magnetising  current  was 
gradually  reduced  to  zero,  observations  of  3  being  made ;  the  wire  was  then  unloaded 
and  demagnetised  by  reversals,  a  new  load  applied,  and  another  curve  of  magneti¬ 
sation  taken. 

The  results  are  shown  in  Plate  64,  fig.  44,  where  3  and  A  are  given  in  absolute 
units.  The  curves  show  the  effects  of  gradually  removing  as  well  as  gradually 
applying  magnetising  force,  the  effects  of  removal  of  ■§  being  shown,  however,  only 
towards  the  end  of  that  operation,  in  order  not  to  confuse  the  figure.  The  general 
characteristics  of  the  curves  are  these  : — For  equal  low  values  of  the  magnetising 
force  the  magnetisation  is  greater  in  the  loaded  than  the  unloaded  curves.  But  each 
loaded  curve  crosses  the  normal  or  unloaded  curve  at  a  value  of  3  which  is  lower  the 
higher  the  stress,  and  beyond  that  the  magnetic  susceptibility  is  less  when  the  wire 
is  under  load  than  when  it  is  not  loaded.  Finally,  in  the  region  of  saturation,  all  the 
curves  are  converging,  and  it  appears  probable  enough  that  with  very  great  mag¬ 
netising  forces  the  magnetisation  would  be  the  same  for  no  load  and  for  all  values  of 
the  load. 

As  regards  the  off  curves,  these  preserve  the  relative  places  the  on  curves  have  in 

the  region  of  saturation,  that  is  to  say,  the  normal  curve  is  highest,  and  the  curves 

for  load  lie  lower  the  greater  the  load  is.  The  distance  between  the  off  curves 

augments  as  the  magnetising  force  approaches  zero,  and  we  then  find  that  the  loaded 

wire  is  much  less  retentive  than  the  unloaded. 

cv 

The  maximum  value  of  k  or  A.  is  greater  in  the  1  kilo,  curve  than  in  any  of  the 
others.  But  the  steepest  slope  or  -A  is  to  be  found  in  the  normal  curve. 

*  A  few  curves  of  magnetisation  under  load,  similar  to  those  about  to  be  described,  have  recently  been 
published  by  Mr.  R.  Shida,  in  a  paper  entitled  “  Experimental  Determinations  of  Magnetic  Susceptibility 
and  of  Maximum  Magnetisation  in  Absolute  Measure,”  Proc.  Roy.  Soc.,  No.  227,  1883. 
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The  presence  of  stress  in  an  annealed  wire  tends  to  round  off  the  outlines  of  the 
curve  of  magnetisation,  so  that  it  resembles  somewhat  the  curve  described  in  §  33 
as  characteristic  of  a  wire  which  has  been  stretched  beyond  its  limit  of  elasticity,  and 
this  happens  although  the  stress  is  too  small  to  give  the  wire  any  permanent  set,  or  to 
harden  it  appreciably. 

§  92.  Plate  64,  fig.  45  represents  the  results  of  the  same  experiment  in  a  different 
manner.  In  it  the  values  of  magnetisation  reached  by  applying  a  particular  mag¬ 
netising  force  while  the  load  was  kept  constant,  are  plotted  in  relation  to  the  constant 
loads  (2,  4,  and  6  kilos.)  which  were  kept  on  during  the  several  magnetisations,  and  a 
curve  is  drawn  through  the  points  so  obtained.  This  gives  a  series  of  curves,  each 
referring  to  some  particular  value  of  the  magnetising  force,  which  is  entered  in  the 
figure  alongside  of  the  curve.  The  curves  may  be  said  to  represent  the  relation  which 
the  susceptibility  to  magnetisation  (by  the  several  assigned  magnetising  forces)  bears  to 
the  stress  upon  the  wire.  They  are  closely  analogous  to  curves  of  the  type  of  figs.  31 
to  43,  but  with  this  important  distinction,  that  in  the  present  case  the  load  was  on 
before  the  magnetising  field  was  applied,  while  in  them  the  magnetising  field  was 
applied  first  and  then  the  load.  Were  there  no  hysteresis  in  the  changes  of  magnet¬ 
isation  the  curves  of  fig.  45  should  agree  exactly  with  curves  obtained  by  applying 
to  an  annealed  wire  a  constant  magnetising  force  first  and  then  varying  the  stress. 
But  we  know  that  there  is  hysteresis  in  the  relation  of  magnetisation  to  magnetising 
force,  under  constant  load.  We  also  know  that  there  is  hysteresis  in  the  relation  of 
magnetisation  to  stress,  when  stress  is  changed  in  a  constant  field.  There  is,  there¬ 
fore,  a  double  reason  why  the  curves  obtained  in  the  way  now  exemplified  should 
differ  from  those  of  fig.  43,  where,  as  here,  the  iron  was  dealt  with  in  the  soft  annealed 
state. 

Fig.  45  shows  that  at  low  magnetisations  the  susceptibility  is  increased  by  the 
presence  of  longitudinal  pull.  At  higher  magnetisations  we  find  a  maximum  of 
susceptibility,  which  occurs  with  lower  and  lower  values  of  the  stress  the  stronger 
the  magnetisation  is,  until  finally,  when  we  approach  the  region  of  saturation  this 
maximum  disappears,  as  it  were,  to  the  left  of  the  figure,  and  we  then  find  the  sus¬ 
ceptibility  greater  without  than  with  the  load. 

This  is  quite  in  agreement  with  the  results  already  obtained  by  the  other  method, 
— the  method,  namely,  of  varying  stress  in  a  constant  field  (see  figs.  36-38,  and  43, 
§§76-82,  89). 

§  93.  Stretched  Iron  Wire. — The  effects  of  the  presence  of  stress  on  magnetic  sus¬ 
ceptibility  become  much  more  conspicuous  when  we  are  dealing  with  wire  which  has 
been  stretched  beyond  its  elastic  limit. 

The  wire  of  the  above  experiment  was  stretched  by  applying  a  load  of  15^  kilos., 
which  brought  it  to  the  state  already  mentioned  in  §  87.  In  addition  to  the  experi¬ 
ments  of  the  old  type  described  there,  observations  were  made  upon  it  (May  4,  1882) 
by  the  plan  of  magnetising  under  constant  load.  The  loads  used  were  0,  1,  2,  4,  6, 
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and  8  kilos.  After  demagnetising  by  reversals  the  load  was  put  on,  then  magnetising 
force  was  gradually  applied  up  to  18  c.g.s.  units  and  gradually  removed,  while  mag¬ 
netometer  observations  were  taken.  The  results  are  shown  in  Plate  64,  fig.  46,  where, 
for  the  sake  of  comparison,  a  normal  (no-load)  curve,  taken  just  before  the  wire  was 
drawn  by  15^  kilos.,  is  also  given.  The  effects  of  load,  especially  of  6  or  8  kilos.,  is 
enormous  in  increasing  the  susceptibility  in  the  first  part  of  the  curve  :  the  suscep¬ 
tibility  is  actually  eight  times  greater  with  than  without  that  load  in  the  early  part  of 
the  magnetisation.  It  is  particularly  interesting  to  notice  that  the  wire  after  being 
stretched  and  then  loaded  with  4,  6,  or  8  kilos,  is  actually  more  susceptible  to  mag¬ 
netisation  by  low  fields  (under  <§=l)  than  it  was  when  in  the  soft  annealed  state. 
The  crossing  of  the  6  and  8-kilo,  curves  will  be  noticed. 

§  94.  Neither  the  range  of  loads  nor  the  greatest  magnetising  force  applied  was 
sufficiently  great  to  make  this  experiment  exhaustive,  and  accordingly  another  series 
of  similar  observations  was  made  (May  10,  1882)  on  the  same  wire  after  it  had  been 
further  drawn  by  18 '5  kilos.  Its  state  was  then  identical  wuth  that  in  which  the 
experiment  of  §  88  was  made,  and  the  results  given  below  are,  therefore,  directly 
comparable  (allowance  being  made  for  the  effects  of  hysteresis)  wdtli  those  there 
described  as  obtained  by  the  other  method,  and  exhibited  in  fig.  42.  Curves  of  the 
relation  of  3  to  <§  were  taken  under  the  following  constant  loads  : — 0,  1,  2,  4,  6,  8, 10, 
12,  14,  16’2,  18'5  kilos.,  the  highest  magnetising  force  reached  being  33'6  c.g.s.  units. 
Before  taking  each  curve  the  previous  magnetisation  was  removed  by  the  method  of 
reversals  before  the  previously  applied  load  was  removed.  Then  that  load  was 
removed,  and  the  process  of  demagnetising  by  reversals  was  repeated.  Then  the 
desired  load  was  put  on,  and  the  wire  wTas  magnetised,  the  relation  of  3  to  ,£)  being  ob¬ 
served.  The  results  are  given  numerically  below',  and  are  shown  in  Plate  64,  fig.  47, 
from  which  it  will  be  seen  that  the  curves  taken  with  load,  although  lying  much 
higher  than  the  normal  or  no-load  curve  in  the  early  part  of  their  course,  begin  to 
cross  it  as  the  magnetisation  becomes  strong,  the  first  to  cross  being  the  18'5-kilo, 
curve — that  of  greatest  stress.  In  other  words,  the  magnetic  susceptibility,  although 
far  greater  in  the  stressed  than  the  unstressed  wire  so  long  as  the  magnetisation 
is  moderate,  becomes  less  in  the  stressed  wire  as  the  region  of  saturation  is  reached. 
During  nearly  the  wdiole  of  its  length  the  8-kilo,  curve  lies  higher  than  any  of  the 
others.  It  is  with  this  load  that  the  maximum  of  susceptibility  occurs,  except  at  very 
low  and  again  at  very  high  values  of  the  magnetisation. 

In  the  lower  part  of  the  same  figure  curves  are  given  which  show  the  relation  of 
3  to  during  the  gradual  removal  of  <§. 


Magnetisation  of  a  stretched  iron  Wire  under  various  (constant)  loads. — Plate  64, 
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Values  of  3  reached  by  magnetising  under  the  following  loads  :  — 

0 

repeated. 

OHiOiOOOOOiQOWOMODiOO  OOCONOOU5 
HfM^OaiOO'£)(MlONNlOmOO  OCvlCOClOOO 

HHCgcO>OON®i3)OH  1— 1  O  00  to  IQ 

r-H  rH  r-H  r— 1 

18-5  kilos, 
or  42'5  kilos, 
per  sq.  mm. 

o«fflomio«oaooooiaio  nmooooo 

io  ooiodcd 

HcoTjuotoNcociroooH  oooi>toio 

r-H  rH  rH 

16-2  kilo3. 
or  37’3  kilos, 
per  sq.  mm. 

O^OOC)(NOOCO(M>OCO(M(MiO  00  O  CC  O  mo  CO 

^HOOO(M!MOHOiiOO^NCO  CO  ^  ^  ^  O 

HOqcOOCONOOOOOSOOOH  OOQOONO 

rH  r-H  rH  r-H  — H  rH 

14  kilos, 
or  32-2  kilos, 
per  sq.  mm. 

OiOCOiOiOOiOiOONOCOiC(MCO  NOCOiOCOO 

•^H(M01NNi0I>^O^00HCD  (MQtMOOCD 

h(^t?iOCON0005000HH  mOOOODO 

r-H  r-H  r— 1  r-H  rH  r-H  r— 1  rH 

12  kilos, 
or  27'6  kilos, 
per  sq.  mm. 

o>ooOQOOOioooO!nQOooi>coo  loejoiocoeq 
lOCOOisffKMOOCOCONCCOOO  H  O  lO  '2|  H 

H(N'ftOI>003SOiOOHHH  i — I  i — 1  O  Ci  00  IN. 

t-H  r-H  t-H  ^h  r-H  rH  rH  r-H 

10  kilos, 
or  23'0  kilos, 
per  sq.  mm. 

CXMCCO(MCOiOO(MOqOXOOOO  lO  o  CO  CO  bO  CO 

COOHWOOCOCOCOCOKHTfi^H  NiOOHCOOi 

r-H  CO  M0  <tD  i>»  GO  (ji  O  O  r-H  rH  r-H  O-l  rH  rH  rH  O  OO  1>» 

t-H  r-H  rH  rH  rH  rH  rH  r-H  t-H  rH 

8  kilos, 
or  18’4  kilos, 
per  sq.  mm. 

O  O  O  Ol  CO  O  i-O  CO  lO  Ol  CO  hO  OO  o  COOIO  lOOOO 

.  ’OH^OIONN^CSCQOIXM  00  <X>  04  ^  CO 

•  r-H  CO  10  OO  00  GO  Ol  0>  O’  rH  rH  r-H  04  rH  rH  rH  O’  Oi  00 

rH  rH  r-H  rH  rH  rH  r-H  rH  rH  rH 

6  kilos, 
or  13'8  kilos, 
per  sq.  mm. 

OCO(MOOOO(MiONOOOOO»0(M  OiC^NOO 

COHiOOiiOCO^iOCOCOC4COOOCO  o  ^  ^ 

H!MTfiOl>COOiOOHHH(M  Cl  H  H  O  05  CO 

r-H  rH  r-H  r-H  rH  rH  rH  rH  rH  rH 

4  kilos, 
or  9‘2  kilos, 
per  sq.  mm. 

OOCKMMONiOOCOOOOOOO  O  00  MO  04  O  04 

COOiC5I^C4COC4COiOCOCOCOtDC4  05  iO  05  CO  05  CD 

HC0iCOJNC0C5OOHH(M  HHOOJCON 

r-H  rH  r-H  rH  r-H  rH  rH  rH 

2  kilos, 
or  4'6  kilos, 
per  sq.  mm. 

OOCOMOMOC4MOCOOMOCOC4000MO  04  O  CO  04  MO  04 

CN^C5HT?iOiOHCOCOHKCO(M  K  C4  (M  CD  lO  C4 

(M  CO  O  N  CO  C5  O  O  h  C4  H  H  O  CO  K  CD 

rH  rH  rH  r-H  rH  r-H  r-H 

1  kilo, 
or  2*3  kilos, 
per  sq.  mm. 

O  mO  04  04  O  00  04  MO  04  CO  00  O  MO  00  O  04  00  00  1^04  1^ 

HCOCDi-OMOOMOH^MOMOOlOOO  rJHJ^MOr^COCO 

H  CJ  CO  H1  O  h*  CO  Gi  O  O  04  H  O  C5  N  CD  nO 

r-H  rH  rH  r-H  pH 

o 

ONNOO>C(fIN>0OO!MO00«  (M  00  iO  iO  >0  “5 

H(M»Or-.  O100!OCQ!C00  00N^00  rHCvl00<J5Q0,X> 

HH(Mm«3»KCO<3)OH  H000©»0'ti 

1 — 1  (— 1  1 — 1  1 — 1 

4 

lCHKHUJO;  (MOt.iOfflO  OlOOlOf- 

MOcoM)>H®>nco<MHHOCi  h  eq  >p  k<xj 

oHAiC'q^pihii^ooH'jfiGoco^bco  «Nr-uboqo 

H  t— 1  — 1  CU  CN  <M  CO  <N  H  H 
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§  95.  The  same  results  are  also  exhibited  graphically  in  Plate  65,  fig.  48,  in  the 
manner  explained  in  §  92,  and  this  figure  admits  of  immediate  comparison  with  fig.  42, 
because  both  figures  refer  to  the  same  piece  of  wire  in  the  same  physical  condition. 
Fig.  48  shows  very  clearly  how  there  is,  for  each  value  of  the  magnetising  force,  an 
amount  of  stress  for  which  the  susceptibility  is  a  maximum,  how  this  maximum  occurs 
at  a  lower  and  lower  value  of  the  stress  as  the  magnetisation  is  increased,  and,  finally, 
how  the  resultant  effect  which  the  greatest  load  (18 '5  kilos.)  exerts  on  the  susceptibility 
passes  from  posit  ive  to  negative  as  the  state  of  saturation  is  approached.  The  magnetis¬ 
ing  force  to  which  each  of  the  curves  relates  is  given  in  the  figure,  and  is  in  several 
values  the  same  as  that  at  which,  in  the  previous  group  of  observations,  the  effects  of 
loading  and  unloading  were  investigated  (§  88).  From  what  has  been  said  in  §  92  it 
will  be  at  once  seen  that  the  curves  of  fig.  42  would  agree  with  those  of  fig.  48  if  the 
effects  of  hysteresis  were  absent.  In  that  case  it  would  be  a  matter  of  indifference 
whether  stress  were  applied  before  magnetising  force,  or  magnetising  force  before 
stress.  Hysteresis  affects  both  experiments,  though  quite  differently,  but  by 
examining  the  two  sets  of  curves  together  we  can  see  the  general  relations  of  mag¬ 
netic  susceptibility  to  stress  in  the  features  which  are  exhibited  by  both.  From  the 
two  together  we  may  confidently  conclude  that  the  influence  of  pull  on  magnetism 
is  positive  until  the  magnetisation  is  so  much  raised  as  to  bring  about  the  Yillapj 
reversal ;  that  this  positive  effect  is  slight  at  low  magnetisations,  and  increases  greatly 
so  as  to  pass  a  maximum  before  reversal ;  that  the  amount  of  this  positive  effect 
depends  on  the  amount  of  stress  applied,  passing  a  maximum  whose  position  varies  in 
the  way  stated  above ;  that  the  value  of  the  magnetisation  at  which  the  Yillapj 
reversal  occurs  depends  on  the  value  of  the  stress,  being  lower  the  greater  the  stress. 
In  fact,  if  we  deal  only  with  very  small  stresses  it  is  doubtful  whether  any  reversal 
of  the  positive  effect  of  stress  would  be  reached  even  at  the  highest  attainable  value  of 
the  magnetisation. 

§  96.  Residual  Effects  of  Stress  Changes  occurring  when  the  Wire  is  free  from 
Magnetism. — During  the  progress  of  some  experiments  of  the  same  type  as  those  just 
recorded,  but  preliminary  to  them,  a  very  curious  phenomenon  was  noticed,  which 
gave  a  fresh  and  interesting  example  of  the  presence  of  hysteresis  in  a  somewhat 
occult  form. 

If  we  take  an  iron  wire  which  has  already  been  stretched  beyond  its  original  limit  of 
elasticity,  and  which  has,  therefore,  reached  a  stable  state  as  regards  any  subsequent 
applications  of  lesser  pull,  we  may  load  and  unload  and  magnetise  it  as  we  please,  but 
provided  we  demagnetise  it  by  the  method  of  reversals  after  removing  the  load,  we 
shall,  on  taking  a  new  “  normal  ”  curve  of  magnetisation,  always  find  its  susceptibility 
sensibly  the  same.  But  suppose  that  after  the  wire  has  been  completely  demagnetised 
we  apply  a  load  and  remove  it.  During  this  process  there  has  been  no  magnetisation 
visible,  and  there  has  been  no  mechanical  change  of  any  ordinary  kind.  Nevertheless, 
a  molecular  change  of  a  very  decided  character  has  occurred,  which  is  at  once  detected 
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when  (after  applying  and  removing  load)  we  take  a  curve  of  magnetisation.  We  find 
the  magnetic  susceptibility  now  changed  from  what  it  was.  The  difference  of 
condition  is  merely  this,  that  in  the  former  case,  after  removing  a  previously  applied 
load  the  wire  was  passed  through  the  process  of  demagnetising  by  reversals  before  a 
new  curve  was  taken,  while  in  the  latter  case  the  wire  was  demagnetised  before  the 
load  was  removed,  and  the  load  then  removed  before  the  curve  was  taken.  So  slight 
a  difference  of  procedure  as  this  might  fairly  be  expected  to  have  no  sensible  influence 
on  the  results  of  the  test,  but  it  was  only  after  recognising  that  this  difference  and 
others  like  it  had  an  extraordinarily  great  influence  that  I  was  able  to  obtain  the 
mutually  consistent  results  stated  in  the  above  paragraphs,  by  adhering  to  a  strictly 
uniform  mode  in  the  taking  of  every  curve.  I  found  that  after  the  wire  had 
been  demagnetised  completely,  the  application  and  removal  of  any  load,  though 
producing  no  immediately  visible  effect,  affected  most  materially  the  subsequent 
behaviour  of  the  wire.  Indeed  the  curve  of  magnetisation  under  any  given  load 
depends  not  only  on  the  load  actually  present,  but  on  any  changes  of  load  which  have 
been  permitted  to  take  place  since  the  preceding  demagnetisation.  For  example,  if 
a  curve  was  to  be  taken  with  (say)  a  load  of  3  kilos,  on  the  wire,  and  if,  after  complete 
removal  of  all  visible  magnetisation,  the  load  were  accidentally  raised  to  4  kilos,  and 
1  kilo,  then  removed,  the  resulting  curve  was  very  sensibly  different  from  what  it 
would  have  been  if  the  weight  had  simply  been  raised  to  and  kept  at  3  kilos.,  and  this, 
too,  in  spite  of  the  fact  that  the  wire  had  been  frequently  subjected  to  more  than 
four  times  that  amount  of  stress,  and  was  therefore  in  a  mechanically  stable  state. 

§  97.  This  obscure  but  very  interesting  phenomenon  of  the  residual  effects  of 
previously  applied  stress  formed  the  subject  of  a  large  number  of  experiments,  made 
for  the  most  part  on  the  ware  of  §  94,  which  had  been  previously  stretched  by  a  load 
of  18*5  kilos.  In  describing  these  experiments,  the  interest  of  which  lies  only  in  the 
comparative  and  not  in  the  absolute  values  of  the  induced  magnetism,  it  is  needless 
to  reduce  the  observations  to  absolute  measure,  and  I  shall  generally  give  merely  the 
galvanometer  and  magnetometer  readings,  instead  of  <§  and  3- 

(May  12,  1882.)  After  many  applications  of  a  load  of  18*5  kilos,  the  wire  was 
demagnetised  by  reversals  without  load,  and  then  on  applying  magnetising  force  the 
readings  in  Column  I.  below  were  taken. 

Next,  after  removal  of  the  load,  the  wire  was  again  demagnetised,  then  loaded 
to  18*5  kilos.,  then  unloaded,  and  the  observations  of  Column  II.  wei*e  taken. 
Lastly,  the  wire  was  again  demagnetised,  loaded  to  18*5  kilos.,  unloaded,  tapped,  and 
the  observations  of  Column  III.  taken.  In  all  three  cases  there  was  no  load  on  the 
wire  during  the  process  of  magnetisation. 
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Galvanometer 

readings. 

Magnetometer  readings. 

T. 

After 

demagnetisation 
with  no  load. 

II. 

After  the  cycle 

0  —  18J  —  0. 

III. 

After  the  cycle 

0  US  1-0 

and  then  vibration. 

0 

0 

0 

0 

0 

20 

115 

5 

8 

5 

35 

2-01 

11 

19 

10 

50 

2-87 

19 

40 

17 

75 

4-31 

44 

73 

35 

100 

5'75 

78'5 

110 

70 

150 

8-62 

149 

176 

150 

200 

11-50 

212-5 

230 

214 

250 

14-37 

267 

278 

268 

300 

17-25 

3l4-5 

321 

314 

350 

20-12 

355 

3585 

354 

400 

23-00 

390 

394 

388 

450 

25-87 

420 

420 

422 

576 

3312 

472 

472 

471 

400 

23-00 

445 

441 

443 

300 

17-25 

412 

407 

409 

200 

11-50 

355 

351 

352-5 

100 

5-75 

278 

275’5 

276 

50 

2-87 

234 

232 

232 

0 

0 

183-5 

183 

182 

The  same  experiment  is  shown  in  the  curves  of  Plate  65,  tig.  49,  where  the  dotted 
curve  is  No.  III.,  taken  after  applying  the  cycle  0  — 18 '5  —  0  to  the  previously  de¬ 
magnetised  wire,  and  then  vibrating  it  before  magnetising,  the  full  line  (I.)  is  the 
curve  taken  after  demagnetisation  with  no  load,  and  the  broken  line  (II.)  is  the  curve 
taken  after  the  cycle  of  loads  0  — 18^  —  0.  No  vibration  occurred  during  the  taking 
of  the  curve. 

This  experiment  (which  was  confirmed  by  many  others  like  it)  shows  that  the  appli¬ 
cation  and  removal  of  load,  after  the  wire  is  demagnetised,  increases  its  susceptibility 
to  subsequent  magnetisation,  but  that  this  increase  of  susceptibility  is  removed,  and 
the  original  condition  approximately  restored,  by  vibrating  the  wire  after  the  applica¬ 
tion  and  removal  of  load,  and  before  beginning  to  magnetise.  Curve  No.  III.,  nearly 
coincides  with  No.  I.,  proving  that  the  residual  effect  of  the  previous  loading  and 
unloading,  which  had  raised  the  susceptibility  to  the  level  shown  by  Curve  II.,  was 
neutralised  in  great  part  by  mechanical  disturbance. 

§  98.  Now  it  seems  from  this,  that  if  we  apply  and  remove  stress  in  a  wire  whose 
magnetic  state  is  entirely  neutral,  we  cause  some  kind  of  molecular  displacement  in  the 
relation  of  which  to  the  applied  stress  there  is  hysteresis.  This  molecular  displacement, 
whose  precise  character  has  yet  to  be  determined,  is  the  cause  of  the  changes  of 
magnetic  susceptibility  which  accompany  changes  of  stress. 

When  a  load  is  applied  and  removed  the  molecular  displacement  lags  behind  the 
changes  of  stress,  and  we  therefore  find  on  subsequently  magnetising  the  wire  that 
the  susceptibility  has  been  changed  by  the  process — that  its  value  is  more  nearly 
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equal  than  before  to  what  it  would  be  with  a  load  actually  on  the  wire.  In  the 
present  case,  to  apply  and  remove  18-|  kilos,  has  raised  the  magnetic  susceptibility 
above  the  value  it  had  after  the  wire  was  demagnetised  by  reversals.  The  action  is, 
in  fact,  analogous  to  the  augmentation  of  magnetism  which  occurs  (through  the 
influence  of  hysteresis)  in  a  magnetised  wire  which  has  been  tapped,  by  applying 
and  removing  a  load  (see  §§  78,  85). 

Here  there  is  no  visible  magnetism  for  the  stress  to  act  on,  but  we  find  evidence 
of  the  fact  that  a  load  has  been  applied  and  removed  in  the  augmented  state  of 
susceptibility  in  which  it  leaves  the  wire. 

Moreover,  just  as  in  the  more  obvious  manifestations  of  hysteresis  already  dealt 
with,  the  effect  of  vibrating  is  to  remove  in  great  part  the  traces  of  previous 
operations.  The  augmented  susceptibility,  which  is  found  after  loading  and  unloading, 
disappears  if  we  vibrate  the  wire  before  magnetising,  just  as  when  a  wire  hanging  in 
a  magnetic  field  is  vibrated  and  then  loaded  and  unloaded,  the  abnormally  raised 
value  of  the  magnetism  thereby  reached  is  reduced  by  again  vibrating  (§  85). 

§  99.  I  was  thus  led  to  conceive  of  the  magnetic  susceptibility  of  iron — a  quality 
measurable  only  by  magnetising,  but  easily  thought  of  as  existing  apart  from  any 
actual  magnetisation — -as  changing  with  changing  stress  in  a  manner  which  involves 
hysteresis,  even  when  the  changes  of  load  take  place  in  the  absence  of  all  visible 
magnetisation.  Its  value  depends  on  previous  as  well  as  on  actually  present  loads. 
Now  the  general  relation  of  susceptibility  to  stress,  as  tested  by  magnetising  under 
constant  load,  resembles  that  of  magnetism  to  stress  when  the  stress  is  changed  in  a 
constant  field  (cf.  figs.  48  and  42),  and  therefore  it  seemed  probable  that  the  changes 
of  susceptibiiity  which  occur  when  we  load  and  unload  a  demagnetised  wire  (and 
which  we  now  know  to  be  characterised  by  hysteresis)  would,  if  we  could  render 
them  visible,  be  found  to  follow  curves  very  much  like  those  of  figs.  31-42.  In 
those  curves  we  found  a  very  notable  difference  between  values  reached  with,  say, 
3  kilos.,  on  the  on  and  off  branches,  and  this  led  me  to  expect  a  similar  kind  of 
difference  in  the  susceptibility  of  a  wire  when,  after  demagnetisation,  it  was  treated 
in  these  two  ways  : — 

(1)  Load  to  18'5,  and  unload  to  3. 

(2)  Load  to  18’5  ;  unload  to  0  ;  load  again  to  3. 

The  susceptibility  in  the  first  case  was  likely  to  be  greater  than  in  the  second, 
except  perhaps  when  the  magnetism  approached  saturation.  Further,  it  seemed 
reasonable  to  expect  that  the  difference  between  these  cases  would  be  very  nearly 
eliminated  if  in  each  case  the  wire  was  vibrated  before  the  curve  of  magnetisation 
was  taken. 

§  100.  That  these  expectations  were  completely  fulfilled  the  following  experiment 
(of  May  13,  1882)  will  show.  The  wire  used  was  the  same  as  before.  Curves  of 
magnetisation  were  taken  after  the  several  modes  of  treatment  set  forth  in  the 
following  table,  which  also  gives  the  recorded  observations  of  current  and  magnetism : — 
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Galvanometer 

readings. 

(To  reduce  to  4? 
multiply  by 
0*067  5.) 

Magnetometer  readings. 

I. 

Demagnetised 
with  no  load. 
Then  no-load  ( nor¬ 
mal)  curve. 

11. 

Demagnetised 
with  no  load. 
Then  0-18*-  3. 
Load  =  3  kilos. 

III. 

Demagnetised 
with  no  load. 
ThenO  — 18*  — 0  — 3. 
Load  =  3  kilos. 

IV. 

Demagnetised 
with  no  load. 
Loaded  to  IS*, 
unloaded  to  3  kilos., 
and  tapped 
before  magnet¬ 
ising. 

Load  =  3  kilos. 

V. 

Demagnetised 
with  no  load. 
Loaded  to  3  kilos, 
and  tapped 
before  magnet¬ 
ising. 

Load  =  3  kilos. 

0 

0 

0 

0 

0 

0 

25 

61 

22 

13 

11  , 

10 

50 

20 

70 

14 

36 

34 

75 

45 

139 

109 

103 

100 

100 

79 

198 

176 

174 

168 

125 

242 

226 

227 

219 

150 

150 

276 

265 

268 

259 

200 

212 

328 

323 

328 

320 

250 

262 

365 

369 

365 

300 

398 

398 

403 

4<i0 

350 

354 

424 

425 

429 

427 

450 

420 

461 

462 

467 

466 

588 

477 

491 

494 

499 

498 

0 

184 

274 

275 

277 

276 

Curves  corresponding  to  cols.  L,  II.,  and  III.  of  the  above  table  are  given  in  Plate  65, 
fig.  50.  The  table  and  curves  show  that  the  susceptibility,  except  when  the  magne¬ 
tisation  is  high,  is  greater  with  a  load  of  3  kilos.,  reached  by  unloading  from  18-|,  than 
with  the  same  load  reached  by  loading  from  zero.  But  columns  IV.  and  Y.  show 
that  when,  after  each  of  these  processes,  we  subject  the  wire  to  vibration  before 
beginning  to  magnetise  (it  must  not  be  supposed  that  there  was  any  vibration 
during  magnetisation)  this  difference  is  so  much  reduced  as  to  be  scarcely  sensible. 
The  effect  of  tapping  is,  so  to  speak,  to  blot  out  the  recollection  of  previously  existing 
stresses,  and  to  make  the  susceptibility  depend  only  on  the  actually  present  load. 

In  addition  to  the  observations  stated  above,  a  magnetisation  curve  was  taken  after 
the  operation  0  —  18^  —  0  — 18^  —  3,  but  this,  as  might  be  expected,  'was  almost 
absolutely  coincident  with  No.  II.  A  repetition  of  the  conditions  of  col.  III.  gave 
sensibly  the  same  readings  as  those  of  col.  III. 

In  this  experiment  3  kilos,  was  selected  as  the  load  under  which  the  wire  should  be 
tested,  because  in  the  curves  of  fig.  42  the  difference  between  the  on  and  off  curves 
is  on  the  whole  greater  for  3  kilos,  than  for  any  other  load. 

§  101.  Iu  the  experiment  of  the  last  paragraph  the  magnetising  solenoid  was  wound 
directly  on  the  iron  wire,  and  it  seemed  conceivable  that  the  wire  might  have  been 
grasped  by  it  so  closely  as  to  be  prevented  from  fully  responding  throughout  its 
whole  length  to  the  change  of  stress  caused  by  loading  and  unloading.  I  did  not 
think  it  possible  that  this  could  have  occurred  to  such  an  extent  as  to  account  for 
the  hysteresis  of  susceptibility  with  regard  to  load  which  had  been  observed,  but  to 
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place  the  matter  beyond  doubt,  this  solenoid  was  unwound,  and  another  was  applied 
which,  instead  of  being  wound  on  the  wire  itself,  was  wound  on  a  glass  tube  inside 
of  which  the  wire  hung  free. 

This  new  set  of  conditions  gave  results  which  entirely  confirmed  those  obtained 
before,  and  which  may  therefore  be  described  only  very  briefly.  The  magnetising 
force  was  not  raised  so  far  as  before,  as  the  early  parts  of  the  curves  were  of  principal 
interest. 

The  results  of  four  series  of  readings  are  shown  in  Plate  65,  fig.  51,  as  follows  : — 

I.  is  the  normal  or  no-load  curve,  taken  after  demagnetising  with  no  load  on. 

II.  is  the  curve  taken  after  first  demagnetising  with  no  load  and  then  performing 

the  cycle  0  — 15  kilos.  —  0  before  magnetising. 

III.  is  the  curve  taken  with  3  kilos,  on  after  first  demagnetising  with  no  load, 
and  then  applying  the  loads  0  —  10  —  3  before  magnetising. 

IY.  is  the  curve  taken  with  3  kilos,  on  after  first  demagnetising  with  no  load, 
and  then  applying  the  loads  0  —  10  —  0  —  3  before  magnetising. 

The  same  differences  are  exhibited  as  in  the  former  instance.  II.  shows  greater 
susceptibility  than  I.,  and  III.  than  IV.  It  is  indeed  not  a  little  remarkable  that 
such  apparently  trifling  variations  of  conditions  should  cause  the  great  differences 
which  these  curves  manifest. 

§  102.  With  the  same  wire  and  the  glass-tube  solenoid  mentioned  in  the  last 
paragraph  the  following  additional  observations  were  made. 

The  wire  was  demagnetised  by  reversals,  with  no  load,  and  then  loaded  with 
14  kilos,  and  a  curve  taken.  The  wire  was  then  demagnetised  by  reversals  with  the 
14  kilos,  on,  and  a  second  curve  taken.  Then  the  load  was  removed,  and  similar  pairs 
of  curves  taken  with  12,  10,  8,  6,  4,  and  2  kilos,  of  load.  Plate  65,  fig.  52,  shows  the 
results.  In  the  left-hand  portion  of  the  figure  we  have  the  curves  taken  with  loads 
of  14,  12,  10,  8,  6,  4  and  2  kilos.,  when  each  of  these  loads  was  applied  after 
demagnetisation,  and  no  second  demagnetisation  took  place  before  beginning  to  take 
the  curve.  In  the  right-hand  portion  of  the  figure  the  conditions  are  the  same 
except  that  after  the  load  was  put  on  a  second  demagnetisation  was  performed 
before  the  curve  was  taken. 

Each  curve  in  the  latter  series  lies  below  the  corresponding  curve  in  the  former, 
showing  that  demagnetisation  after  loading  leaves  the  wire  in  a  less  susceptible 
condition  than  loading  after  demagnetisation  produces.  Comparing  the  curves  of 
each  group  amongst  themselves  we  see  that  with  both  modes  of  treatment  a  stress  of 
8  kilos,  gives,  throughout  the  greater  part  of  the  curves’  course,  a  greater  value  to  the 
susceptibility  than  any  of  the  other  stresses.  It  should  be  remembered  that  each 
kilo,  of  total  load  means  an  intensity  of  stress  equal  to  2 '3  kilos,  per  sq.  mm. 

§  103.  The  parts  of  these  curves  near  the  origin  lie  so  close  to  one  another  that 
their  relative  positions  are  not  clearly  shown  in  fig.  52,  and  the  results  of  this  experi¬ 
ment  are  better  seen  by  plotting  the  same  observations  in  the  manner  described  in 
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§  92  and  already  exemplified  in  figs.  45  and  48,  where  the  magnetisation  reached  under 
each  load  is  plotted  in  terms  of  the  load.  This  is  done  in  Plate  66,  fig.  53,  the  full  lines 
of  which  refer  to  the  observations  made  when  the  wire  after  being  loaded  in  a  mag¬ 
netically  neutral  state  was  not  again  subjected  to  the  process  of  demagnetising  by 
reversals  before  its  susceptibility  was  tested,  and  the  dotted  lines  refer  to  the  corre¬ 
sponding  observations  made  when  the  wire,  after  being  loaded,  was  again  subjected  to 
the  process  of  demagnetising  by  reversals.  The  two- curves  (plain  and  dotted)  start 
of  course  from  the  same  point  (at  the  zero  of  load),  but  within  the  range  of  magnetisa¬ 
tion  and  load  here  examined  each  dotted  curve  lies  below  the  corresponding  plain  one; 
in  other  wrords  the  process  of  demagnetising  when  loaded  reduces  the  susceptibility. 
The  load  giving  maximum  susceptibility  is  slightly  different  in  the  two,  being  greater 
in  the  dotted  than  in  the  plain,  and  the  range  of  difference  of  susceptibility  under 
different  loads  is  strikingly  less  in  the  dotted  than  in  the  plain  curves,  especially  when 
the  magnetisation  is  feeble.  The  numbers  on  the  right  of  the  plain  curves  show  the 
magnetising  force  corresponding  to  each  pair. 

§  104.  Up  to  this  point  the  experiments  on  the  residual  effects  of  previous  stress 
on  susceptibility  to  subsequent  magnetisation  had  all  been  made  on  iron  wires  which 
had  been  hardened  by  stretching  beyond  their  elastic  limit.  It  seemed  desirable  to 
examine  in  the  same  way  a  soft  annealed  wire,  and  accordingly  the  one  already  used 
in  §  89  was  also  tested  (May  24,  1882)  by  applying  magnetising  force  while  the  load 
was  kept  constant.  The  glass-tube  solenoid  (§  101)  was  again  used,  and  the  load  was 
not  allowed  to  exceed  6  kilos.,  nor  to  be  less  than  1  kilo.,  as  in  §  89.  Plate  66,  fig.  54, 
shows  the  curves  of  magnetisation  obtained  in  the  following  four  conditions  : — 

O  o 


First 

pair. 


Second 

pair. 


r  I.  Demagnetised  with  1  kilo,  on  ;  tested  with  1  kilo.  on. 

;  II.  Demagnetised  with  1  kilo,  on  ;  loaded  to  6  kilos,  and  unloaded 
L  to  1  kilo.  ;  tested  with  1  kilo.  on. 

Mil.  Demagnetised  with  1  kilo,  on  ;  loaded  to  6  kilos,  and  again 
subjected  to  the  process  of  demagnetising  by  reversals  with 
6  kilos,  on  ;  then  tested  with  6  kilos,  on. 

IV.  Demagnetised  with  1  kilo,  on ;  loaded  to  6  kilos,  and  the  cycle 
6  —  1  —  6  performed  three  times,  ending  with  6  kilos.;  then 
s.  tested  with  6  kilos,  on. 

One  kilo,  of  load  gives  a  stress  of  2'04  kilos,  per  square  mm. 


We  find  that  the  6-kilo,  curve  No.  III.  lies  at  first  higher  and  afterwards  lower 
than  the  1-kilo,  curve  No.  I. — a  result  which  is  entirely  in  agreement  with  the  con¬ 
clusions  deducible  from  experiments  made  by  changing  loads  in  a  constant  magnetic 
field.  We  find  also  that  the  two  curves  in  each  pair  differ,  in  virtue  of  the  residual 
effects  of  previous  operations,  in  the  manner  which  previous  experiments  lead  us  to 
expect— namely,  that  the  process  of  applying  reversals  after  the  load  is  on  reduces 
susceptibility. 


RESEARCHES  IN  MAGNETISM. 


619 


It  is  interesting  to  notice  (as  was  shown  by  the  curves  of  figs.  44  and  46,  &c., 
and  is  now  confirmed  here)  that  whereas  the  presence  of  a  moderate  stress,  such  as 
12  kilos,  per  square  mm.,  greatly  increases  the  susceptibility  of  a  previously  stretched 
wire,  it  greatly  reduces  the  susceptibility  of  a  soft  annealed  wire,  although,  as  is 
evidenced  by  the  recovery  of  susceptibility  after  the  stress  is  removed,  the  stress  is 
too  small  to  produce  any  sensible  hardening  of  the  metal. 

§  105.  I  have  now  shown  that  both  in  the  soft  annealed  and  in  the  hard-drawn 
state  iron  exhibits  variations  of  magnetic  susceptibility  under  varying  loads  which 
depend  not  merely  on  the  existing  state  of  stress,  but  on  the  states  of  stress  which 
have  preceded  that  which  is  selected  as  a  condition  of  experiment,  although  these  pre¬ 
ceding  stresses  produce  no  permanent  mechanical  effects,  and,  indeed,  leave  no  directly 
visible  traces  of  their  having  been  applied,  and  although  the  piece  under  test  is  free 
from  visible  magnetism  during  these  changes  of  stress.  But,  with  respect  to  this  last 
point,  it  occurred  to  me  that  the  conditions  of  the  foregoing  experiment  were  not 
altogether  satisfactory,  for  this  reason,  that  the  wires  were  to  some  extent  affected  by 
the  horizontal  component  of  the  earth’s  magnetic  force.  They  hung  vertically,  and 
the  vertical  component  of  the  terrestrial  field  was  neutralised  by  a  solenoid  provided 
for  that  purpose.  The  only  longitudinal  magnetisation  was  therefore  that  given  by  the 
other  or  magnetising  solenoid.  But  this  arrangement  left  the  horizontal  component 
of  the  terrestrial  field  to  act  transversely  on  the  wires,  producing,  of  course,  some 
small  amount  of  transverse  magnetisation,  which  must  have  been  altered  with  every 
change  of  load.  Now  it  was  conceivable,  though  it  appeared  very  unlikely,  that  the 
alterations  of  this  transverse  magnetism  produced  by  changes  of  load  should  (even  in 
the  absence  of  all  longitudinal  magnetism)  produce  changes  of  susceptibility  to  sub¬ 
sequent  longitudinal  magnetisation  sufficiently  considerable  to  account  for  the  pheno¬ 
menon  discussed  in  the  preceding  paragraphs  (§§  96-104).  For  this  reason  I  judged 
it  desirable  to  repeat  some  ol  the  above  experiments  under  conditions  which  would 
make  any  action  of  the  kind  impossible.  Accordingly  the  wire  to  be  magnetised  was 
suspended  along  the  line  of  dip,  and  the  current  in  the  neutralising  solenoid  was 
increased  to  the  value  necessary  to  make  it  neutralise  the  full  terrestrial  field.  The 
wire  was  now  free  from  all  magnetising  force,  and,  after  being  completely  demagnetised, 
it  was  subjected  to  stress  as  before.  It  was  then  found  that  the  peculiar  residual 
effects  of  stress  described  in  §§96-104  were  as  conspicuous  as  before.  The  suscepti¬ 
bility  depended,  just  as  much  as  when  the  wire  was  in  the  usual  vertical  position,  on 
preceding  as  well  as  on  actual  states  of  stress.  The  experiment  showed  conclusively 
that  the  transverse  magnetism  which  must  have  existed  in  the  wire  when  set  vertically 
did  not  materially  affect  the  results,  and  could  not  have  been  the  cause  of  the  residual 
differences  of  susceptibility  which  were  found  when  a  wire,  free  from  longitudinal 
magnetism,  was  brought  to  a  given  state  of  stress  through  different  preceding  states. 

§  106.  Magnetisation  under  constant  Loads  in  a  high  Field. — It  appeared  desirable 
to  examine  the  form  which  curves  of  magnetisation  under  constant  load  took  when 
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the  field  was  raised  to  values  considerably  greater  than  those  of  preceding  experiments 
of  this  type,  chiefly  to  see  whether  with  very  strong  magnetising  forces  the  curves 
became  convergent. 

A  specimen  of  the  iron  wire  usually  employed  (079  mm.  in  diameter  and  33  cm. 
long),  was  annealed  and  subjected  to  a  magnetising  force  which  was  gradually 
increased  to  97'9  units,  first  with  a  load  of  one  kilo,  on  it,  and  afterwards  (after 
demagnetisation  by  reversals)  with  a  load  of  6  kilos.  The  results  are  given  in 
the  table  below,  reduced  to  absolute  measure.  The  same  wire  was  then  stretched 
(in  a  non -magnetic  state,  and  in  a  neutral  field)  by  applying  a  load  of  15  kilos.,  giving 
an  elongation  of  2 ‘2  cm.,  and  was  again  magnetised,  successively  in  two  different 
conditions,  namely,  with  no  load  and  with  a  load  of  8  kilos.  The  load  of  8  kilos, 
was  selected  because  previous  experiments  had  shown  that  with  moderate  magnetising 
forces  the  susceptibility  is  greater  under  8  kilos,  than  under  any  other  load.  At 
the  same  time  the  earlier  experiments  had  shown  that  as  the  magnetising  force 
was  increased,  the  load  giving  maximum  susceptibility  became  less  and  less,  and 
therefore  had  made  it  likely  that  the  8-kilo,  curve  would  be  found  to  cross  and  run 
under  the  normal  or  no-load  curve  when  the  magnetising  force  was  greatly 
heightened.  The  results  of  the  present  experiment,  which  are  stated  below,  confirmed 
this  expectation. 

Magnetisation  of  Iron  in  a  strong  field  under  constant  loads,  Plate  66,  fig.  55. 

Before  stretching  (soft  annealed  state). 


Load  =  1  kilo., 
or  2’04  kilo,  per  sq.  mm. 

3. 

Load  =  6  kilos., 
or  12  24  kilos,  per  sq  mm. 

3. 

0 

0 

0 

2-3 

346 

3T 

595 

441 

4'2 

791 

630 

63 

994 

833 

8-4 

1074 

945 

127 

1137 

1050 

20-3 

1173 

1120 

33-6 

1207 

1169 

48-9 

1239 

1204 

60-9 

1249 

1221 

747 

1260 

1232 

88-6 

1264 

1242 

97-9 

1270 

1246 

0 

1092 

847 

(residual) 

(residual) 
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After  stretching  (hardened,  state). 


Load  =  0. 


V 

3. 

0 

0 

3-1 

56 

4-2 

97 

6-3 

142 

8-6 

261 

12-9 

455 

20-5 

724 

33-8 

1041 

50-4 

1190 

62-6 

1232 

77T 

1268 

90-7 

1292 

100-6 

1309 

0 

455 

(residual) 

Load  =  8  kilos.,  or  17-4  kilos,  per  sq.  mm. 

3. 

0 

0 

6-3 

600 

8-4 

735 

21-0 

1018 

42-0 

1138 

63-0 

1190 

84-0 

1231 

110 

1261 

0 

652 

(residual) 

The  same  two  pairs  of  observations  are  plotted  in  Plate  66,  fig.  55.  The  two 
curves  with  1  kilo,  and  6  kilos,  on  the  unstretched  wire  are  approaching  each  other 
distinctly  enough  at  high  values  of  «§,  but  this  is  not  so  clearly  the  case  in  the  other 
pair,  and  so  far  as  the  question  of  ultimate  coincidence  is  concerned,  the  experiment  is 
inconclusive.  It  merely  shows  that  considerable  differences  are  still  to  be  found  under 
magnetising  forces  of  the  highest  easily  attainable  value. 

At  the  end  of  each  magnetisation  was  gradually  reduced  to  zero  and  the  residual 
magnetism  observed.  Its  value  is  entered  at  the  foot  of  each  column  in  the  table 
above.  It  is  curious  to  notice  how  much  more  the  residual  magnetism  is  affected  by 
the  presence  of  stress  than  the  induced  magnetism  is  when  both  have  been  produced 
by  a  strong  magnetising  force.  In  the  soft  wire  the  final  induced  magnetism  under 
1  and  under  6  kilos,  differs  by  less  than  2  per  cent.,  but  the  residual  magnetism  has 
the  widely  different  values  1092  or  86  per  cent,  of  the  induced,  and  847  or  68  per 
cent.  The  same  thing  is  still  more  striking  in  the  stretched  wire,  where  indeed  the 
condition  of  no  load  gives  slightly  more  induced  but  much  less  residual  magnetism 
than  the  condition  of  stress  gives.  The  retentiveness  of  the  soft  wire  is  reduced,  and 
that  of  the  stretched  wire  greatly  increased  by  the  presence  of  stress  during  the 
application  and  removal  of  magnetising  force. 

§  107.  The  Villari  Critical  Point. — Allusion  has  been  made  (§  87)  to  the  fact, 
discovered  by  Villari,  and  afterwards  by  Thomson,  that  if  we  take  a  wire  under  the 
influence  of  a  longitudinal  magnetising  force,  and  alternately  apply  and  remove  a 
given  load,  “on”  gives  augmentation  and  “off”  gives  diminution  of  magnetism  if  the 
magnetisation  is  less  than  a  certain  value;  but  “on”  gives  diminution,  and  “off” 
MDCCCLXXXV.  4  L 
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gives  augmentation  of  magnetism  if  this  value  is  exceeded.  Sir  William  Thomson 
calls  the  value  of  the  magnetising  force  at  which  this  reversal  of  effect  occurs,  the 
“  Villari  critical  value.”  It  is  clear  (as  he  has  also  pointed  out)  that  the  “  Vlllari 
critical  value  ”  depends  on  the  particular  amount  of  load  alternately  applied  and 
removed,  and  also  upon  the  mean  value  of  the  load. 

An  examination  of  my  results  shows  that  the  effects  of  stress  on  magnetism  are, 
on  the  whole,  not  greatly  different  whether  the  magnetism  in  question  is  residual  or 
induced,  and  I  am  therefore  disposed  to  regard  the  Villari  reversal  as  depending 
rather  on  the  value  of  the  magnetisation  than  on  the  value  of  the  magnetising  force. 

This  view  receives  strong  confirmation  from  experiments  which  I  have  described 
in  a  paper,  “  On  the  production  of  transient  electric  currents  in  iron  and  steel 
conductors  by  twisting  them  when  magnetised,  &c.”#  I  have  shown  there  that 
the  inclined  pull  and  push  which  make  up  torsional  stress  give  effects  on  a  veiy 
strongly  magnetised  wire  which  have  the  same  sign  as  the  effects  of  direct  pull  and 
push  on  a  feebly  magnetised  wire ;  which  is  to  be  explained  by  the  fact  that  these 

act  on  3  cos3q;  or  only  one-half  of  the  whole  magnetism,  an  amount  which  does  not 

exceed  the  “  Villari  critical  value  ”  of  3,  although  one-half  of  <§  may  be  made  to 
exceed  very  largely  the  value  of  the  magnetising  force  sufficient  to  cause  the  Villari 
reversal  when  pull  is  applied  in  the  direction  of  magnetisation. 

I  shall  therefore  apply  the  term  “  Villari  critical  point”  to  name  that  value  of 
the  magnetisation  3  at  which  reversal  occurs  in  the  sign  of  the  magnetic  difference 
produced  by  two  (assigned)  states  of  longitudinal  stress. 

This  point  may  be  determined  in  two  ways,  which  (on  account  of  hysteresis)  will 
lead  to  different  results.  We  may  (with  Thomson)  cause  a  repeated  alternation  to 
take  place  from  one  to  the  other  of  the  two  assigned  states  of  stress,  and  find  the 
value  of  3  at  which  that  alternation  causes  no  magnetic  change,  or  we  may  take 
two  separate  curves  of  magnetisation  (that  is,  curves  of  the  relation  to  3  to  «§)  in 
the  two  assigned  states  of  stress,  and  see  where  these  curves  cross  each  other.  The 
value  of  3  at  the  crossing  point  is  the  critical  value  for  the  two  given  states  of  stress. 

Several  of  the  figures  which  have  been  given  show  values  of  the  “  Villari  critical 
point  ”  according  to  this  last  mode  of  definition. 

We  may,  however,  conveniently  limit  the  term  “Villari  critical  point”  to  the 
case  where  one  of  the  two  assigned  loads  is  zero ;  that  is  to  say,  we  may  use  the  term 
only  when  we  are  comparing  the  magnetic  condition  reached  under  a  given  load  with 
that  reached  under  no  load.  With  this  restriction  the  Villari  critical  value  of  3  i§ 
(for  any  load)  that  value  at  which  the  curve  of  magnetisation  under  that  load  crosses 
the  normal  or  no-load  curve.  Thus,  in  fig.  47  (§  94)  the  curves  for  12,  14,  16'2,  and 
18 '5  kilos,  all  cross  the  normal  curve  within  the  range  of  the  observations,  and  so 
determine  the  Villari  critical  points  (as  just  defined)  for  these  particular  loads. 

*  Proc.  Roy.  Soc.,  Yol.  36  (1883),  p.  117. 
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They  show  that  the  Yillari  reversal  occurs  earlier  in  stretched  iron  the  greater  the 
stress  is,  but  that  even  with  a  stress  approaching  the  breaking  strength  of  the 
material  it  does  not  come  till  3  is  more  than  1000.  For  loads  less  than  12  kilos,  it 
would,  no  doubt,  occur  at  values  of  3  greater  than  those  reached  in  this  experiment. 

§  108.  In  soft  annealed  iron,  however,  the  Yillari  critical  point  occurs  much 
earlier,  as  the  experiment  of  §  91,  fig.  44,  serves  to  show.  There  the  curves  for  1,  2, 
4,  and  6  kilos,  all  cross  the  normal  or  no-load  curve,  at  values  of  3  which  (as  in  the 
case  of  stretched  wire)  are  higher  the  smaller  the  load,  but  which  are  very  much 
lower  than  the  values  of  the  critical  point  in  stretched  wire.  The  following  are  the 
values  of  3  and  at  which  the  curves  with  load  cross  the  normal  curve  in  fig.  44 
(each  kilo,  of  load  gives  a  stress  of  2T5  kilos,  per  sq.  mm.) : — 


Load. 

Y 

A 

kilos. 

1 

1220 

73 

2 

1040 

4-3 

4 

840 

3-4 

6 

690 

3’05 

Effects  of  Stress  on  Retentiveness. 

§  109.  In  a  previous  part  of  this  paper  (§§  37-47)  I  have  described  experiments 
by  which  the  retentiveness  of  iron  and  steel  was  examined  at  various  degrees  of 
magnetisation,  by  applying  a  given  magnetising  force,  reducing  that  to  zero  and 
observing  the  residual  magnetism,  then  applying  a  stronger  force,  reducing  that  to 
zero,  and  so  on.  Those  experiments  showed  that  the  ratio  of  residual  to  induced 
magnetism  passes  a  maximum  as  the  magnetisation  is  increased. 

It  seemed  desirable  to  extend  the  same  method  of  experiment  to  the  case  of  iron  or 
steel  under  longitudinal  stress.  Accordingly  corresponding  observations  have  been 
made  on  pieces  of  iron  (in  the  soft  annealed  and  also  in  the  stretched  condition)  and 
steel,  in  several  different  states  of  stress. 

(June  13,  1882.) — A  piece  of  pianoforte  sleel  wire,  31  cm.  long,  after  being  annealed, 
was  stretched  about  1  cm.  by  a  load  of  22  kilos.  The  diameter  after  stretching  was 
078  mm.  Its  retentiveness  was  then  examined  (by  applying  and  removing  progres¬ 
sively  increased  values  of  <£>)  under  four  different  states  of  load,  namely,  0,  3,  10,  and 
20  kilos.  The  process  of  demagnetising  by  reversals  served  to  reduce  the  wire  to  a 
magnetically  neutral  state  after  magnetisation  under  each  load,  and  before  the  next 
value  of  the  load  was  applied. 

The  table  below  shows  the  results  of  this  experiment,  by  giving  the  observed  values 
of  the  induced  and  residual  magnetism,  and  their  ratio,  for  various  values  of  *£>  : — 
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The  same  results  are  shown  in  Plate  67,  fig.  56,  where  three  groups  of  curves  are 
given.  The  lower  group  shows  the  induced  magnetism,  and  the  middle  group  the 
residual  magnetism,  in  terms  of  «§.  The  upper  group  shows  the  values  of  the  ratio  of 
residual  to  induced  magnetism,  also  in  terms  of  .£). 

The  crossing  of  the  curves  of  3  (induced)  and  <§  should  be  noted.  It  corresponds, 
in  kind,  to  the  behaviour  of  iron,  and  shows  that  in  steel,  as  in  iron,  any  increase  of 
stress  gives  first  increase  and  then  decrease  of  susceptibility,  according  as  the  mag¬ 
netisation  falls  short  of  or  exceeds  a  certain  critical  value.  Each  curve  lies  at  first 
higher  and  afterwards  lower  than  curves  referring  to  smaller  values  of  the  load. 

The  middle  group  of  curves  shows  that  the  same  remark  applies  to  residual 
magnetism. 

Further,  the  curves  which  represent  the  ratio  of  residual  to  temporary  magnetism 
in  relation  to  cross  each  other  in  the  same  way.  There  is  thus,  for  each  load,  a 
critical  value  of  the  magnetisation,  below  which  the  ratio  of  residual  to  temporary 
magnetism  is  greater,  and  above  which  it  is  less,  when  the  wire  is  loaded  than  when  it 
is  unloaded  (or  loaded  with  a  smaller  load).  For  example,  under  a  load  of  20  kilos, 
the  retentiveness  is  much  greater  than  under  a  small  load  or  no  load,  so  long  as  the 
magnetisation  is  feeble,  but  less  when  the  magnetisation  is  strong. 

The  observations  taken  with  no  load  confirm  what  has  been  already  said  (§  44)  as  to 
the  absence  of  retentiveness  in  steel,  under  weak  magnetising  forces.  But  it  is  very 
remarkable  how  the  presence  of  stress  increases  the  retentiveness  under  weak  mag¬ 
netising  forces.  A  force  of  1  unit,  for  instance,  leaves  sensibly  no  residual  magnetism 
in  the  wire  when  there  is  no  load,  but  leaves  a  residue  amounting  to  nearly  0*4  of  the 
induced  magnetism  when  there  is  a  load  of  20  kilos. 

§  110.  A  piece  of  iron  wire,  which,  like  the  last,  had  (after  annealing)  been  stretched 
beyond  its  limit  of  elasticity,  was  next  examined  in  the  same  way  (June  14,  1882), 
the  successive  states  of  load  being  0,  5,  10,  and  14*8  kilos.  The  diameter  of  the 
wire  (after  being  stretched)  was  0*72  mm.  and  its  length  was  30 '5  cm.  The  load 
employed  to  stretch  it  was  20  kilos. 

The  induced  and  residual  magnetism  of  this  wire,  found  under  these  various  states 
of  stress  by  applying  and  removing  a  large  number  of  progressively  increased  values 
of  <§,  are  given  in  the  table  below,  and  the  same  results  are  shown  in  Plate  67,  fig.  57, 
where  the  curves  give  the  relation  to  <£)  of  3  induced,  3  residual,  and  their  ratio : — 
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Iron  Wire,  stretched  after  annealing,  Plate  67,  fig.  57. 

Load  =0. 


4?. 

3  induced. 

3  residual. 

Ratio. 

0 

0 

0 

0-54 

5 

.  , 

1-35 

19 

4 

0-21 

1-62 

23 

6 

0-26 

216 

35 

10 

0-28 

270 

50 

16 

0-32 

3-24 

73 

28 

0-39 

378 

101 

43 

0-43 

4-32 

132 

65 

0-49 

4'86 

167 

88 

0-53 

5-40 

205 

114 

0-56 

5-94 

242 

140 

0-58 

6-48 

280 

166 

0-59 

7-02 

312 

189 

0-60 

7-56 

353 

211 

0-60 

8-10 

390 

232 

0-60 

8-64 

429 

252 

0-60 

978 

457 

270 

0-59 

972 

488 

286 

0-59 

10-26 

520 

301 

0-58 

10-80 

550 

315 

0-57 

11-88 

611 

336 

0-55 

12-96 

670 

354 

0-53 

14-04 

725 

372 

0-51 

15-17 

777 

387 

0-50 

16-20 

821 

397 

0-48 

17-55 

874 

406 

0-46 

18-90 

930 

416 

0-45 

20-25 

975 

423 

0-43 

21-60 

1014 

429 

0-42 

22-95 

1053 

432 

0-41 

24-30 

1087 

435 

0-40 

25-92 

1123 

437 

0-39 

29-16 

1190 

439 

0-37 
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Load  =5  kilos.,  or  12 '2  kilos,  per  sq.  mm. 


<§. 

3  induced. 

3  residual. 

Ratio. 

0 

0 

0 

_ . 

0-54 

15 

8 

0-53 

1-08 

53 

34 

0-64 

1-62 

114 

81 

0-71 

2-16 

211 

159 

0-75 

2-62 

297 

237 

0-80 

3-24 

410 

331 

0-81 

3-78 

494 

405 

0-82 

4-32 

561 

464 

0-83 

4-86 

621 

513 

0-83 

5-40 

673 

556 

0-83 

6-48 

761 

624 

0-82 

7-56 

827 

672 

0-81 

8-64 

881 

709 

0-80 

9-72 

923 

736 

0-80 

10-80 

965 

757 

0-79 

12-15 

1004 

780 

0-78 

13-50 

1040 

795 

0-76 

14-85 

1069 

806 

0-75 

16-31 

1095 

815 

0-74 

17-55 

1112 

822 

0-74 

18-90 

1131 

827 

0-73 

21-60 

1164 

832 

0-72 

24-30 

1186 

835 

0-71 

26-46 

1202 

838 

0-70 

29-16 

1225 

841 

0-69 

Load  = 

10  kilos.,  or  2 4 *4  kilos,  per  sq.  mm. 

•e. 

3  induced. 

3  residual. 

Ratio. 

0 

0 

0 

_ 

0-54 

21 

12 

0-57 

1-08 

63 

39 

0-62 

1-62 

137 

94 

0-69 

2-16 

241 

176 

0-73 

2-70 

351 

267 

0-76 

3-24 

442 

351 

0-78 

3-78 

530 

416 

0-79 

4-32 

595 

468 

0-79 

4"86 

650 

513 

0-79 

5-40 

696 

547 

0-79 

6-48 

770 

601 

0-78 

7-56 

830 

637 

0-77 

8-64 

884 

664 

0-76 

9-72 

917 

685 

0-75 

10-80 

946 

696 

0-74 

12-26 

978 

712 

0-73 

13-50 

1004 

725 

0-72 

14-85 

1028 

731 

0-71 

16-20 

1048 

739 

0-70 

18-90 

1082 

748 

0-69 

21-60 

1105 

754 

0-68 

24-30 

1125 

757 

0"67 

27-54 

1144 

760 

0-66 

29-16 

1154 

761 

0-66 
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Load  =14 ‘8  kilos.,  or  36  T  kilos,  per  sq.  mm. 


•e. 

3  induced. 

3  residual. 

Batio. 

0 

0 

0 

_ 

0-54 

19 

9 

0-47 

1-08 

53 

29 

0-55 

1*62 

104 

62 

0-60 

2-16 

176 

110 

0-63 

2-70 

258 

172 

0-67 

3-78 

419 

289 

0-69 

4-86 

530 

371 

0-70 

5-99 

619 

432 

0-70 

7-02 

679 

471 

0-69 

8T0 

731 

489 

0-68 

9-45 

790 

524 

0-66 

10-80 

835 

546 

0-65 

12-26 

874 

559 

0-64 

13-50 

910 

570 

0-62 

16-20 

966 

581 

0-60 

18-90 

1011 

590 

0-58 

21-60 

1040 

595 

0-57 

24-30 

1067 

598 

0-56 

28-08 

1093 

598 

0-55 

29-16 

1108 

598 

0-54 

Here  the  results  are  somewhat  different  from  those  of  the  last  paragraph.  A 
distinct  maximum  occurs  in  the  value  of  the  ratio  of  residual  to  induced  magnetism 
in  each  of  the  curves  with  load,  as  well  as  in  the  curve  taken  without  load,  and  it 
occurs  at  earlier  values  of  -§  in  the  loaded  curves  than  in  the  unloaded.  The  effect  of 
stress  on  retentiveness  is  again  very  great,  especially  with  weak  magnetisations  :  thus 
for  <§=1  the  ratio  of  residual  to  induced  magnetism  is  nearly  zero  when  there  is  no 
load,  but  ranges  from  *55  to  ’64  in  the  curves  taken  with  load.  It  is  to  be  noticed, 
however,  that  the  curves  of  ratio  and  <§,  corresponding  to  5,  10,  and  14*8  kilos,  of  load, 
perhaps  cross  each  other  at  a  value  of  £>  lower  than  that  at  which  the  observations  can 
be  said  to  begin.  On  the  other  hand,  the  curve  of  ratio  and  &  corresponding  to  no 
load  may  perhaps  cross  the  others  at  a  value  of  <§  much  greater  than  that  to  which 
the  experiment  extends. 

The  greatest  ratio  of  residual  to  induced  magnetism,  throughout  the  whole  group, 
occurs  at  the  maximum  point  of  the  5-kilo,  curve,  when  its  value  is  (P83.  This  is  a 
much  greater  value  than  is  reached  at  any  point  under  no  load,  where  the  maximum 
is  only  0-6.  Moreover,  the  presence  of  a  moderate  load  increases,  in  a  still  greater 
proportion,  the  retentiveness  of  stretched  iron  under  strong  values  of  «§.  At  the 
highest  value  of  *§  which  was  reached  in  this  experiment  the  5  and  10 -kilo,  curves  of 
residual  magnetism,  and  also  of  the  ratio,  lie  much  higher  than  the  no-load  curve. 

§  111.  To  illustrate  this  last  point  more  fully  the  following  additional  observations 
were  made.  The  same  piece  of  wire  was  successively  tested  under  loads  of  0,  2,  4,  6, 
8,  10,  12,  and  14*8  kilos.,  by  first  demagnetising  it  in  each  case,  then  applying  a  force 


RESEARCHES  IN  MAGNETISM. 


G29 


§  of  29-16,  and  then  removing  that  force.  The  following  values  of  3  induced  and  3 
residual  were  determined  in  this  way  : — 


Load. 

3  induced. 

3  residual. 

Ratio. 

0 

1157 

423 

0-37 

2 

1183 

588 

0'50 

4 

1193 

757 

0-63 

6 

1189 

845 

0-71 

8 

1180 

809 

0-69 

10 

1157 

757 

0-65 

12 

1138 

683 

0-60 

14-8 

1105 

598 

0-54 

From  this  it  will  be  seen  that  (for  Jp  =  29T6)  a  load  of  6  kilos,  gives  maximum 
retentiveness,  and  that  the  retentiveness  under  that  load  is  nearly  twice  as  great  as 
when  the  same  wire  is  not  loaded. 

§  112.  The  same  piece  of  iron  was  now  re-annealed,  and  the  effect  of  stress  on  its 
retentiveness  when  in  the  soft  state  was  examined  in  the  same  way  (June  16,  1882). 
The  only  states  of  load  tested  were  0  and  4  kilos,  (a  load  so  well  within  the  limit  of 
elasticity  as  to  produce  no  important  permanent  mechanical  change  in  the  specimen). 
The  results  are  given  below,  and  also  in  Plate  68,  fig.  58,  where,  in  the  lower  group 
of  curves,  the  two  full  lines  show  the  induced,  and  the  two  dotted  lines  the  residual 
magnetism,  w-hile  the  lines  above  show  the  ratio  in  the  same  way  as  before  : — 


Annealed  Iron  Wire,  Plate  68,  fig.  58. 


Load  =  0. 

Load  = 

=  4  kilos.,  or  9' 

76  kilos,  per  sq.  mm. 

«$• 

3  induced. 

3  residual. 

Ratio. 

•8. 

3  induced. 

3  residual. 

t 

Ratio. 

0 

0 

0 

0 

0 

0 

1-08 

66 

32-5 

0-49  ■ 

0-54 

38 

21 

0-53 

1-62 

202 

141 

0-70 

1-08 

141 

94 

0-69 

2-16 

460 

381 

0-83 

1-62 

325 

242 

0-745 

2-70 

684 

601 

0-879 

216 

532 

419 

0-788 

3-24 

846 

767 

0-907 

2-70 

677 

543 

0-802 

3-78 

939 

860 

0-916 

3-24 

796 

640 

0"804 

4-32 

999 

920 

0-921 

3-78 

876 

705 

0-805 

5-40 

1071 

994 

0-928 

4-37 

937 

754 

0-805 

6-48 

1109 

1024 

0-923 

4-86 

978 

787 

0-805 

7'56 

1139 

1046 

0-919 

5-51 

1022 

816 

0-800 

8‘64 

1157 

1063 

0-919 

6-48 

1067 

856 

0-800 

9-72 

1168 

1074 

0-919 

8-64 

1121 

891 

0-795 

10-8 

1178 

1082 

0-918 

10-8 

1162 

913 

0-786 

13-5 

1196 

1095 

0-916 

13-5 

1186 

926 

0-781 

16-2 

1210 

1105 

0-913 

16-2 

1204 

933 

0-775 

18-9 

1219 

1111 

0-911 

18-9 

1211 

939 

0-775 

21-6 

1226 

1116 

0-910 

21-6 

1219 

942 

0-773 

25-6 

1236 

1119 

0-905 

26-2 

1232 

946 

0-768 
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The  susceptibility  is  at  first  greater  with  4  kilos,  than  with  no  load,  but  afterwards 
becomes  less  with  4  kilos,  than  with  no  load  (cf.  §  89).  Moreover,  the  residual 
magnetism,  and  also  the  ratio  of  residual  to  induced  magnetism,  are  with  low 
magnetising  forces  greater,  and  with  high  magnetising  forces  less  when  there  is 
load  than  when  there  is  not  load. 

The  ratio  of  residual  to  induced  magnetism  passes  a  distinct  maximum  in  both 
cases ;  but  the  value  of  that  maximum  is  greatest  in  the  condition  of  no  load,  where 
it  is  as  great  as  0'93.  My  experiments  have  presented  only  one  other  instance  in 
which  the  ratio  reached  so  high  a  figure  (cf.  §  37). 

§  113.  The  manner  in  which  curves  showing  the  relation  of  3  to  -§  cross  each  other, 
when  magnetisation  is  performed  under  various  constant  loads,  has  been  very  fully 
illustrated  in  a  number  of  the  experiments  described  above.  As  these,  however, 
with  the  exception  of  the  test  of  steel,  referred  almost  exclusively  to  specimens  of 
iron  wire  whose  mechanical  quality  was  pretty  much  the  same,  I  judged  it  desirable 
to  repeat  some  of  the  observations,  using  specimens  of  iron  of  very  different  quality. 
The  results  so  obtained  were  in  complete  agreement  with  those  which  have  been 
described  above ;  and  for  that  reason  it  is  needless  to  repeat  them.  The  general  rule, 
apparently  true  for  any  piece  of  iron  is,  that  the  susceptibility,  under  any  one  load,  is 
for  low  values  of  3  greater,  and  for  high  values  of  3  less,  than  under  a  slightly  less 
load,  the  crossing  point  occurring  at  higher  values  of  3  the  smaller  the  load  in 
question  is. 

Effects  of  Temperature  on  Magnetism. 

§  114.  If  a  piece  of  magnetised  iron  or  steel  be  subjected  to  a  cyclic  series  of 
changes  of  temperature,  it  is  well  known,  from  the  experiments  of  Wiedemann*  and 
others  that  the  changes  of  magnetism  which  it  undergoes  are,  in  general,  not  cyclic. 
If  the  magnetism  which  is  being  dealt  with  is  the  residual  magnetism  left  after 
withdrawal  of  any  magnetising  force,  then  any  cyclic  process  of  heating  and  cooling, 
or  of  cooling  and  heating,  results  in  a  fall  of  magnetism.  If,  on  the  other  hand,  the 
magnetism  dealt  with  is  that  which  has  been  reached  by  the  application  of  a  mag¬ 
netising  force  that  is  kept  in  action  during  the  experiment,  then  any  cyclic  change 
of  temperature  results  in  a  rise  of  magnetism.  In  both  cases  it  is  only  after  any 
cyclic  change  of  temperature  has  been  many  times  repeated  that  the  accompanying 
changes  of  magnetism  become  even  approximately  cyclic. 

In  this  respect  the  effects  of  temperature  are  closely  analogous  to  those  of  stress 
(cf.  §  77).  Superposed  upon  the  differential  effects  of  heating  and  cooling  there 
are  progressive  permanent  changes  of  the  nature  of  a  shaking  in  of  magnetism,  when 
that  is  induced,  or  of  a  shaking  out  of  magnetism,  when  that  is  residual. 

By  repeating  any  cycle  of  temperature  changes  often  enough,  however,  we  get  rid 


*  “  Galvanlsmus,”  II.,  §  522,  et  seq. 
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of  these  progressive  changes,  and  may  then  study  the  differential  effects  of  heating 
and  cooling,  after  the  magnetic  changes  have  also  become  sensibly  cyclic. 

I  have  made  a  number  of  experiments  of  this  kind  with  the  view  of  seeing  whether, 
after  the  magnetic  changes  become  sensibly  cyclic,  they  exhibit  static  hysteresis  with 
respect  to  the  changes  of  temperature.  Since  there  is  clear  evidence  of  such 
hysteresis  in  changes  of  magnetism  produced  by  other  means,  namely  by  changes  of 
magnetic  field,  and  also  by  changes  of  stress,  I  expected  somewhat  confidently  to  find 
hysteresis  in  the  relation  of  magnetism  to  temperature.  But  in  this  expectation  I 
have  been  altogether  disappointed. 

§  115.  A  long  iron  wire  was  fixed  inside  a  vertical  glass  tube,  on  which  was  wound 
a  magnetising  solenoid.  The  tube  was  connected  by  india-rubber  piping  at  one  end 
to  one  or  other  of  three  small  boilers,  capable  of  supplying  a  steady  current  of  steam, 
alcohol  vapour,  and  sulphuric-ether  vapour  respectively,  or  to  a  water-cistern  filled 
with  cold  water.  The  other  end  of  the  tube  led  to  a  water  vessel  which  served  as  a 
condenser.  An  adjacent  mirror  magnetometer,  level  with  the  top  of  the  iron  wire, 
measured  the  changes  of  magnetism  in  the  usual  way.  The  method  of  procedure 
was  this : — 

Steam  and  cold  water  were  alternately  passed  through  the  tube  many  times,  until 
the  magnetic  state  of  the  wire  was  observed  to  change  from  one  to  the  other  of  two 
nearly  steady  values.  Then  readings  of  the  magnetometer  were  taken  during  the 
passage  through  the  tube  of  (l)  cold  water;  (2)  ether  vapour;  (3)  alcohol  vapour; 
(4)  steam;  (5)  alcohol  vapour;  (6)  ether  vapour;  (7)  cold  water.  This  completed 
a  cycle  of  temperature  changes  in  which  two  intermediate  points  were  fixed  during 
each  of  the  processes  of  heating  and  cooling. 

This  method  was  adopted  in  order  that  the  magnetised  iron  might  be  exposed 
sufficiently  long  to  an  atmosphere  of  one  definite  temperature  to  give  it  time  to 
assume  that  temperature  throughout,  and  so  avoid  any  possibility  of  error  due  to  the 
sluggishness  with  which  changes  of  temperature  took  place.  The  stream  of  vapour 
was  in  every  case  kept  up  until  the  magnetometer  reading  became  perfectly  steady. 

In  some  experiments,  in  place  of  a  magnetised  wire,  a  magnetised  iron  pipe  was 
used,  surrounded  by  a  non-conducting  jacket,  and  steam  and  other  vapours  were 
passed  through  the  iron  tube  itself.  This  had  the  advantage  that  the  position  of 
the  magnetised  iron,  with  respect  to  the  magnetometer,  could  be  maintained  more 
absolutely  constant  and  unaffected  by  temperature  changes  than  when  the  magnet 
consisted  of  a  wire  inside  a  glass  tube.  The  difficulty  of  fixing  the  magnet  so 
that  the  process  of  heating  and  cooling  it  might  not  produce  displacements  whose 
effects  on  the  magnetometer  were  comparable  with  the  true  change  of  magnetism,  was 
somewhat  formidable  on  account  of  the  smallness  of  the  whole  range  of  magnetic 
change  caused  by  alternations  between  atmospheric  temperature  and  100'  C. 

The  small  range  of  magnetic  change  also  made  it  needful  to  raise  the  magneto¬ 
meter  to  a  condition  of  great  sensibility.  For  this  purpose  a  directing  magnet 
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was  applied,  which  neutralised  the  greater  part  of  the  earth’s  field  at  the  magneto¬ 
meter  needle,  leaving  only  a  small  directive  force,  whose  intensity  was  estimated 
by  comparing  the  period  of  the  needle  with  its  period  when  this  directing  magnet 
was  removed.  Further,  the  magnetism  of  the  wire  or  non  pipe  under  examination 
was  sufficiently  balanced  by  a  second  deflecting  magnet  (arranged  to  deflect  the 
magnetometer  without  altering  its  sensibility)  to  bring  the  spot  of  light  on  the 
scale.  To  determine  what  ratio  the  observed  magnetic  changes  bore  to  the  whole 
magnetism,  it  was  only  necessary  to  observe  the  whole  deflection  due  to  the  mag¬ 
netised  wire  or  pipe,  with  the  magnetometer  in  an  insensitive  state,  and  measure 
(by  comparing  periods)  the  relative  sensibility  of  the  two  states  of  the  magnetometer. 

Much  time  was  spent  in  tentative  experiments  before  satisfactory  results  were 
obtained.  These,  however,  when  they  were  arrived  at  showed  so  conclusively  that 
within  the  limits  of  temperature  experimented  on  there  was  no  sensible  hysteresis  in 
the  relation  of  magnetic  change  to  temperature,  that  the  subject  was  not  pursued  at 
any  great  length  ;  and  for  the  same  reason  it  will  suffice  to  quote  a  single  set  of 
observations. 

§  116.  (November  30,  1882.)  In  this  experiment  the  magnetising  field  was  the 
earth’s  vertical  force,  in  which  the  iron  under  test  was  shaken  beforehand.  Then 
water  and  steam  were  passed  alternately,  five  times  each,  after  which  the  following- 
readings  were  taken.  The  numbers  given  are  the  actual  magnetometer  readings  :  by 
adding  17,000  to  them  they  can  be  made  approximately  proportional  to  the  total 
magnetisation  of  the  piece.  The  arrows  show  the  sequence  of  the  changes. 


Water.  Ether  vapour.  Alcohol  vapour.  Steam. 
(14°  C.)  (35°  C.)  (78|°  C.)  (100°  C.) 
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It  is  clear  from  these  figures  that  the  changes  of  magnetism 
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100°  C.  are  nearly  proportional  to  the  changes  of  temperature,*  and  exhibit  no 
hysteresis  with  respect  to  them.  The  whole  range  of  change,  from  17,415  at  14°  C. 
to  17,262  at  100°  C.,  is  only  0'9  per  cent,  of  the  total  magnetism. 

§  117.  The  actual  amount  of  magnetic  change,  and  even  its  sign,  depends  on  the 
degree  of  magnetisation.  This  follows  from  the  known  fact  that  there  is  a  critical 
value  of  the  magnetising  force,  or  (more  probably)  of  the  magnetisation,  below  which 
heating  increases  susceptibility,  and  above  which  heating  reduces  susceptibility. 
(Baur,  Wied.  Ann.,  xi.,  1880.)  My  own  experiments  have  illustrated  this  in  two 
ways.  In  some  of  them  the  effects  have  been  studied  of  repeated  heatings  (up  to 
100°  C.)  and  coolings,  on  various  degrees  of  induced  or  residual  magnetism  in  an  iron 
wire  :  in  others,  curves  of  the  relation  of  2>  to  have  been  drawn  when  the  same 
iron  wire  is  magnetised,  (l)  at  ordinary  temperature,  (2)  at  100°  C.  Both  methods  of 
experiment  have  been  applied  to  samples  of  iron  wire  both  in  the  soft  annealed  and 
hard-drawn  states.  One  or  two  representative  experiments  may  be  quoted. 

§  118.  (Jan.  28,  1883.)  An  iron  wire,  1*2  mm.  in  diameter  and  3 5’7  centims.  long, 
was  annealed,  and  then  stretched  until  its  length  was  40 '5  centims.  and  its  diameter 
T16  mm.  In  this  state  it  was  demagnetised  by  reversals,  and  then  hung  (without 
mechanical  disturbance)  under  the  influence  of  the  earth’s  vertical  force,  and  very 
near  a  magnetometer  whose  sensibility  was  raised  to  a  high  degree.  The  wire  was 
surrounded  by  a  tube,  round  which  a  magnetising  solenoid  was  wound,  and  steam  at 
100°  C.  and  cold  water  at  6°  C.  were  alternately  passed  through  the  tube  while  the 
magnetic  changes  were  noted.  From  time  to  time,  at  points  which  will  be  indicated 
below,  the  total  magnetisation  of  the  wire  was  raised  a  step,  by  momentarily  setting 
up  in  the  solenoid  a  suitable  current,  which  was  then  interrupted,  so  that  the 
magnetism  dealt  with  was  that  part  which  was  retained  after  the  inducing  field  was 
reduced  to  the  value  0'34,  namely,  the  earth’s  vertical  force.  The  following  are  the 
values  of  (expressed  as  usual  in  absolute  c.g.s.  units)  which  were  observed  through¬ 
out  the  process. 


3- 

Original  condition  of  the  wire  . 

.  .  .  T52 

While 

steam  was 

passing 

.  .  .  2-05" 

Here,  in  addition  to  a 

33 

water 

33  ... 

.  .  .  1'98 

progressive  shaking 

33 

steam 

33  ... 

.  .  .  2T1 

out  and  then  shak¬ 

33 

water 

33  ... 

.  .  .  2-05 

ing  in  of  magnetism, 

33 

steam 

33  ... 

.  .  .  2T6 

^  there  is  augmenta¬ 
tion  of  magnetism 

3  3 

water 

33  ... 

.  .  .  2-09 

33 

steam 

33  ... 

.  .  .  2-20 

with  steam,  arid  di¬ 

33 

water 

33  ... 

.  .  .  2T2 

minution  with  water. 

33 

steam 

33  ... 

.  .  .  2-23 

3  is  below  the  critical 

33 

water 

33  ... 

.  .  .  2  •  1 6  - 

point. 

*  The  ratio  of  change  of  magnetism  to  change  of  temperature  increases  slightly  as  the  temperature 
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Weak  current  made  and  broken 

raising  3  to . 

Then,  while  water  was  passing  . 

,,  steam 

„  water 

,,  steam 

„  water 

,,  steam 

,,  water 

,,  steam 

,,  water 

,,  steam 

,,  water 

,,  steam 

Current  made  and  broken  . 

Then,  while  steam  was  passing 
,,  water 

,,  steam 

,,  water 

,,  steam 

,,  water 

,,  steam 

,,  water 

Current  made  and  broken 
Then,  while  water  was  passing 
,,  steam 

,,  water 

, ,  steam 

,,  water 

„  steam 

„  water 

Current  made  and  broken 
Then,  while  water  was  passing 
, ,  steam  , , 

,,  water  ,, 

,,  steam  ,, 

,,  water  „ 

Current  made  and  broken 
Then,  while  water  was  passing 
„  steam  ,, 


3- 
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2-34 

2 '44  Still  below  the  critical 
2 -38  point. 
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2- 99 
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3-54  Ditto. 

3-59 
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3'51 
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8'36l 

8 '37  !  Just  over  the  critical 
8 '37  |  point. 
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9'09 
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While  water  was  passing 

....  8-71 

,,  steam  ,, 

....  8-67 

,,  water  „ 

....  8-69 

Distinctly  over 

the 

,,  steam  ,, 

....  8-67 

critical  point. 

„  water  ,,  .  . 

....  8-69 

Steam  now  gives 

fall 

Current  made  and  broken 

and  water  rise 

of 

Then,  while  water  was  passing . 

....  9-72 

magnetism. 

,,  steam  ,, 

....  9T3 

,,  water  ,, 

....  9-12 

,,  steam  ,, 

....  9-05 

Ditto,  still  more 

clis- 

„  water  ,, 

....  9-09 

tinctly. 

,,  steam  ,, 

....  9-04 

,,  water  ,, 

. 9-09 

This,  as  well  as  other  experiments  of  the  same  class,  shows  that  when  tested  in 
this  way  the  critical  point,  at  which  the  sign  of  the  effects  of  heating  and  cooling 
(from  100°  to,  say,  6°  C.)  changes,  occurs  at  a  very  low  value  of  the  magnetisation. 
In  the  above  case  it  was  reached  when  3  was  about  8,  or  about  the  yyo  part  of  the 
so-called  saturation  value  of  3- 

§119.  (Feb.  5,  1883.)  A  similar  experiment  was  made  with  an  annealed 
specimen  of  wire  cut  from  the  same  bundle  as  the  last,  and  also  40 '5  centiins.  long. 


Original  condition 
While  steam  was  passing 
,,  water 
,,  steam 
„  water 
,,  steam 
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Current  made  and  broken 
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,,  water  ,, 

,,  steam  ,, 

,,  water  ,, 

,,  steam  ,, 

,,  water  ,, 
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While  steam  was  passing 
,,  water  ,, 
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9-00  Ditto. 
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10-08 

9-78 
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While  steam  was  passing 
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„  steam  „ 
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While  steam 
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.  .  .  37-53 
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33  ... 
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Here  the  critical  point  appears  to  be  reached  when  3  is  about  20,  but  its  position 
is  not  very  sharply  defined. 

§  120.  The  same  two  wires  were  also  tested  by  finding,  in  the  ordinary  way  by  the 
direct  magnetometric  method,  the  relation  of  3  to  <§  during  magnetisation  :  (1)  when 
the  temperature  was  that  of  the  atmosphere,  or  about  7°  C.  ;  (2)  when  the  tempera¬ 
ture  was  maintained  at  100°  C.  by  the  continuous  passage  of  a  current  of  steam 
through  the  tube  on  which  the  magnetising  solenoid  was  wound.  The  following  table 
gives  the  results,  reduced  to  absolute  measure.  In  each  state  several  successive 
determinations  of  the  curve  of  3  and  were  made,  but  as  these  agreed  very  exactly 
with  each  other,  only  one  set  of  readings  for  each  state  has  been  reduced  : — 


Effect  of  Temperature  on  the  Magnetic  Susceptibility  of  Iron  Wire,  Plate  68,  fig.  59. 


Soft  annealed  wire. 

Wire  hardened  by  stretching. 

At  7 

°  C. 

At  100°  C. 
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3-97 
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827 

7-09 
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32-45 

983 
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17-01 
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19-84 
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0 
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0 
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The  same  results  are  also  shown  graphically  in  Plate  68,  fig.  59,  where  the  full  lines 
are  the  curves  for  ordinary  temperature,  and  the  dotted  lines  are  for  100°  C.  Both  with 
the  annealed  and  hardened  specimen  the  100°  C.  curves  lie  at  first  higher  and  afterwards 
lower  than  the  normal  curves.  The  crossing  points,  at  which  the  effect  of  this  difference 
of  temperature  on  magnetic  susceptibility  becomes  reversed,  occur  at  values  of  3  far 
higher  than  the  critical  value  in  the  former  method  of  experiment.  This  difference  is 
partly,  perhaps,  to  be  ascribed  to  the  fact  that  here  we  are  dealing  with  induced 
magnetism,  whereas  in  the  former  case  the  magnetism  dealt  with  was  chiefly  residual ; 
but  the  principal  reason  for  the  very  much  higher  values  of  3  required  to  be  reached 
here  before  the  effects  become  reversed  is  no  doubt  the  hysteresis  which  exists  in  the 
relation  of  magnetisation  to  magnetising  force.  The  difference  in  the  results  of  the 
two  methods  is  analogous  to  that  which  is  found  when  we  determine  the  Villa  ri 
critical  point  for  stress  (1)  by  loading  and  unloading,  (2)  by  magnetising  under 
constant  loads  (cf.  §  107). 

§  121.  The  range  through  which  magnetism  was  altered  by  heating  and  cooling  in 
the  experiment  of  §  116,  and  others  like  it,  was  so  small  that  I  considered  it  desirable 
to  see  whether  an  increased  range  of  temperature  variation  would  not  afford  evidence 
of  hysteresis  in  the  relation  of  magnetism  to  temperature.  With  this  view,  the  effect 
of  heating  and  cooling  a  steel  bar  magnet  (23  centims.  X  2T0centims.  X  0‘94  centim.) 
in  a  vessel  full  of  oil  was  investigated  as  follows  : — The  bar  was  hung,  from  a  fixed  sup¬ 
port  above  the  oil,  perpendicular  to  and  with  its  centre  due  south  of  the  magnetometer. 
The  temperature  of  the  oil  was  then  altered  by  means  of  a  lamp,  by  steps  and  very 
slowly,  to  allow  the  bar’s  temperature  to  be  sensibly  uniform — and  the  deflection  of 
the  magnetometer  was  observed.  The  temperature  of  the  oil  was  taken  by  two 
thermometers,  the  means  of  whose  readings  are  given  below. 

After  heating  and  cooling  the  magnet  until  its  magnetic  changes  became  nearly 
cyclic,  the  following  continuous  set  of  observations,  extending  over  17  hours,  was 
made  (Feb.  26-27,  1883).  The  magnetometer  readings  are  approximately  proportional 
to  the  total  magnetic  moment  of  the  bar. 
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Temperature,  deg.  C. 

Magnetometer. 

Hours  of  observation. 

8-6* 

692 

b.  m. 

1  15  p.m. 

34-6* 

656 

2  0 

48T 

636 

3  0 

48-4* 

635 

3  15 

677 

607 

3  40 

73-3 

598 

4  10 

74'8 

596 

4  18 

75-8 

594 

4  27 

76 T* 

593 

4  50 

910 

566 

5  25 

95-2 

559 

5  45 

96-6 

556 

6  0 

98-2 

554 

6  15 

98-8* 

552 

6  33 

1131 

523 

7  4 

119-8 

511 

7  20 

122-7 

505 

7  43 

123-8 

502 

8  0 

123-8* 

502 

8  12 

151-2 

441 

8  42 

155-3 

430 

8  56 

157-1 

425 

9  5 

158-3 

422 

9  20 

158-4* 

422 

9  30 

Now  began  to  cool. 
131-2 

487 

10  20 

129-8 

491 

10  40 

129-1 

495 

11  0 

1291* 

495 

11  10 

108-8 

538 

12  0 

105-5 

542 

12  21  a.m. 

104-3* 

545 

12  45 

104-7 

546 

1  0 

103-4 

546-5 

1  13 

79-6 

589 

2  15 

78-4 

591-5 

2  28 

77-4 

593 

2  35 

76-4 

593-5 

2  45 

76-0* 

594 

2  52 

28-2- 

667 

4  10 

23-4* 

675 

4  25 

17-8 

684 

4  45 

16-8* 

685 

4  54 

10-8 

691 

5  35 

10-3* 

691-5 

6  0 

The  points  at  which  the  temperature  of  the  bar  was  most  nearly  uniform  (marked 
with  an  asterisk  in  the  table)  have  been  selected  from  the  above  readings  and  plotted 
in  Plate  68,  fig.  60,  where  the  lower  line  shows  the  process  of  heating  and  the  upper 
line  the  process  of  cooling.  There  is  no  appearance  whatever  of  hysteresis,  in  spite 
of  the  very  considerable  amount  of  magnetic  change  which  the  bar  underwent. 

§  122.  In  dealing  with  a  subject  such  as  the  magnetisation  of  iron,  to  which  so 
much  attention  has  been  given,  it  is  difficult  to  master  or  to  acknowledge  adequately 
the  labours  of  former  observers.  The  comprehensive  summary  of  G.  W  iedemann, 

4  N  2 
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who,  both  by  his  own  work  and  by  his  analysis  of  the  wTork  of  others,  has  contributed 
enormously  to  our  knowledge  of  magnetism,  and  the  paper  of  Chrystal,  to  which 
allusion  has  been  made,  render  some  parts  of  this  task  at  once  comparatively  easy 
and  almost  unnecessary.  But  contributions  continue  to  be  added  at  a  rate  which 
soon  makes  the  best  summary  incomplete,  and,  to  a  greater  extent  than  I  am  aware, 
some  of  the  results  of  this  paper  may  be  repetitions  of  work  already  published.  Even 
then,  however,  I  hope  they  may  not  be  without  value,  on  account  of  the  facts  (l)  that, 
with  the  single  exception  of  the  experiment  of  §  121,  the  magnetisation  dealt  with 
has  been  as  nearly  uniform  as  it  is  practicable  to  have  it,  and  (2)  that  very  nearly  all 
the  observed  values  of  magnetism  and  magnetising  force  have  been  reduced  to 
absolute  measure.  It  may  be  added  that  the  subject  with  which  this  paper  deals  has, 
in  addition  to  its  scientific  interest,  a  special  practical  importance  at  the  present  time, 
on  account  of  its  very  obvious  bearing  on  many  points  relating  to  the  industrial 
applications  of  electricity,  and  particularly  to  the  design  of  dynamo-electric  machines. 

§  123.  The  work  described  in  this  paper  was  done  during  1881-1883  in  the 
Physical  Laboratory  of  the  University  of  Tokio,  Japan,  with  the  help  of  four  Japanese 
students,  without  whose  assistance,  both  in  the  taking  of  observations  and  in  the 
arithmetical  labour  of  reducing  them,  it  would  have  been  impossible  for  me  to  have 
covered  so  much  ground.  To  Mr.  R.  Fujisawa  and  Mr.  S.  Tanaka  I  am  particularly 
indebted  for  help  in  the  first  part  of  these  experiments — the  examination  of  the 
relation  of  2>  to  during  the  application  and  cyclic  change  of  <§,  by  the  ballistic  and 
magnetometric  methods, — and  to  Mr.  A.  Tanakadate  for  help  in  the  second  part  — 
the  investigation  of  the  effects  of  stress  on  magnetism.  These  gentlemen  threw 
themselves  into  the  work  with  a  thoroughly  intelligent  interest  and  with  the  utmost 
zeal.  In  the  last  part  of  the  paper — on  the  effects  of  temperature  on  magnetism — the 
observations  wdiicli  are  quoted  w'ere  for  the  most  part  taken  under  my  direction  by 
Mr.  S.  Sakai,  who  prosecuted  this  difficult  portion  of  the  subject  with  much  per¬ 
severance,  and  to  whom  I  am  also  indebted  for  valuable  help  in  another  investigation 
—  of  the  effects  of  stress  and  magnetisation  on  the  thermo-electric  quality  of  iron — the 
results  of  which  remain  to  be  described.  Those  results,  which  are  closely  related  to 
some  parts  of  the  foregoing  inquiry,  will  form  the  subject  of  another  paper. 
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[Plates  69,  70.] 

Very  few  observations  have  been  made  on  the  Chromatology  of  the  Actiniae,  the 
reason  probably  being  that  observers  have  been  led  to  believe  that  since  their 
colouring  matters  cannot  be  got  into  solution  with  the  ordinary  solvents,  the  study 
of  their  spectra  could  hardly  be  attended  with  fruitful  results. 

KrukenbergA  who  has  added  much  to  our  knowledge  of  animal  Chromatology 
generally,  has  attempted  to  enlarge  the  knowledge  of  this  subject  by  his  study  of  the 
pigments  of  Anthea  viridis  and  A.  cereus. 

Professor  Moseley!  published  a  short  paper  in  1873  on  the  colouring  matter  found 
by  him  in  Bunodes  crassicornis,  which  he  called  Actiniochrome,  and  in  a  subsequent 
paper, |  in  which  an  immense  number  of  new  animal  pigments  were  brought  to  light, 
he  describes  a  dark  red  colouring  matter  in  Anthea  which  absorbed  the  blue  end 
of  the  spectrum  from  before  E  onwards,  and  another  in  Adamsici  which  was  pink, 
and  in  the  fresh  state  gave  a  band  between  D  and  E.  The  filaments  emitted  from 
the  pores  of  the  body  wall  also  gave  two  bands  in  green. 

Heider  j  examined  Cerianthus  membranaceus,  var.  fusca  and  var.  violacea,  and  the 
colouring  matter  obtained,  which  Krukenberg  calls  Purpuridin,  was  extracted  by 
ammoniacal  water.  It  appears  to  resemble  in  some  respects  ( e.g .,  colour-changes)  one 
of  the  pigments  which  I  have  found  in  Sagartia  parasitica,  to  be  referred  to  again. 

0.  and  R,.  Hertwig||  have  tried  to  show  that  the  so-called  “yellow  cells”  or  ‘figment 

*  ‘  Vergleichend-physiologische  Studien,’ l3te  Reihe,  5te  Abtli.,  1881,  pp.  38-42,  and,  ditto,  2te  Reihe, 
3te  Abth.,  1882,  pp.  72-87. 

t“0n  Actiniochrome,  a  Colouring  Matter  of  Actiniae.”  Quai’t.  Journ.  Micro.  Soc.,  vol.  xii.,  N.S., 
1873,  p.  143. 

t  “  On  the  Colouring  Matters  of  vai’ious  Animals,  and  especially  of  Deep  Sea  Forms  dredged  by 
H.M.S.  Challenger.”  Quart.  Journ.  Micro.  Soc.,  vol.  xvii.,  N.S.,  1877,  pp.  1-23.  Polyperythrin  was  also 
found  in  some  Actiniae  by  Prof.  Moseley. 

§  “  Cerianthus  membranaceus."  (Haime.)  “  Ein  Beitrag  zur  Anatomie  der  Actinien.”  Sonderabdr.  aus 
den  Sitzb.  d.  kk.  Acad,  der  Wiss.  zu  Wien.  Bd.  lxxix.,  I.  Abth.,  1879,  S.  7 ;  also  “  Ueber  Sagartia  tro- 
.  glodytes.”  Sitzungsb.  der  Wien.  Akad.,  1877. 

||  “  Die  Actinien.”  ‘  Jenaische  Zeitschrift  fur  Naturwiss.’  Bd.  xiii.,  1879,  S.  495-500. 
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bodies  ”  of  certain  Actiniae  are  parasitic  or  rather  symbiotic  algae,  a  view  which  P. 
Geddes#  by  his  remarkable  experiments  has  endeavoured  to  support. 

I  had  made  some  preliminary  observations t  on  the  occurrence  of  a  band  in  Actinia 
mesembryanthemum,  which  I  believed  to  be  due  to  Moseley’s  Actiniochrome,  but  since 
I  have  been  able  to  extract  the  pigment  by  means  of  glycerin  I  find  that  the  band  of 
Actiniochrome  is  not  coincident  with  that  seen  in  Actinia  mesembryanthemum ,  as  the 
former  is  nearer  the  red  end  of  the  spectrum,  and  the  latter  belongs  to  a  colouring 
matter  which,  as  I  will  shortly  endeavour  to  show,  yields  certain  decomposition 
products  having  a  most  remarkable  resemblance  to  those  obtainable  from  haemo¬ 
globin.  No  purpuridin  is  found  in  the  last-mentioned  Actinia  (although  supposed  to 
be  present  by  Krukenberg). 

Method  of  Examination. — The  solid  portions  of  Actiniae  are  first  examined  by  means 
of  the  microspectroscope,  and  they  are  then  treated  with  various  solvents.  The  solid 
portions  are  examined  in  the  “  compressorium,”  which  enables  any  desired  thickness 
to  be  obtained ;  they  have  to  be  well  illuminated, J  and  for  this  purpose  a  substage 
condenser  is  used.  The  solutions  are  examined  first  with  the  microspectroscope,  and 
then  their  bands  measured  with  the  large  spectroscope,  obtained  by  means  of  the  grant 
allowed  me  by  the  Royal  Society.  Wave-lengths  calculated  by  means  of  the  micro- 
spectroscope  cannot  be  sufficiently  relied  upon  owing  to  the  shortness  of  the  spectrum, 
but  owing  to  its  superior  definition  the  microspectroscope  is  indispensable,  without  it 
faint  bands  would  be  missed,  and  a  comparison  of  a  chlorophyll  solution  in  both 
instruments  shows  the  presence  of  bands  with  the  microspectroscope  which  are  almost 
invisible  with  the  chemical  spectroscope. 

Actinice  examined. — I  have  examined  the  following  Actiniae  :  Actinia  mesembry¬ 
anthemum,  Bunodes  crassicornis,  B.  ballii,  Sagartia  bellis,  S.  dianthus,  S.  parasitica, 
S.  viduata,  S.  troglodytes,  and  Anthea  cereus.  I  have  not  been  able  to  obtain  other 
species,  and  my  results  would  have  been  more  valuable  if  I  had  had  a  greater 
abundance  of  material  ;  this  dearth  of  material  has  been  the  cause  of  my  not 
having  been  able  to  attempt  the  complete  isolation  of  some  of  the  pigments  to  be 
described,  and  of  my  not  being  able  to  generalise  as  fully  as  I  might  otherwise  have 
done.  I  trust  on  these  grounds  too  much  will  not  be  expected  from  these  preliminary 
observations. 

*  “  Further  Eesearches  on  Animals  containing  Chlorophyll.”  ‘Nature,’  Jan.  26,  1882,  pp.  303-5.  And 
“  On  the  Nature  and  Functions  of  the  Yellow  Cells  of  Eadiolarians  and  Ccelenterates.”  Proc.  Eoy.  Soc. 
Edinburgh,  vol.  xi.,  1881-82,  pp.  377-96.  Cf.  also  Dr.  Brandt,  ‘  Sitzungsbericht  der  Gesellschaft  natur- 
forsch.  Freunde  zu  Berlin,’  No.  9,  1881 ;  and  Professor  Lankester,  Quart.  Journ.  Micro.  Soc.,  vol.  xxii., 
pp.  229  et  seq. ;  vide  also  ‘  Nature  ’  for  1882,  for  letters  of  Professors  Moseley  and  E.  P.  Wright. 

t  Proc.  Birm.  Philos.  Soc.,  vol.  iii.,  p.  374. 

X  The  source  of  light  is  an  Argand  gas-burner,  or  sometimes  a  “  9-candle-power  ”  Swan  lamp.  The 
fanciful  curves,  recently  published  in  Germany,  obtained  by  means  of  a  lieliostat  and  chemical  spectro¬ 
scope,  cannot  be  accurate,  and  show  more  imagination  on  the  part  of  the  observer  than  most  people 
possess.  The  flat  and  other  shaped  summits  of  the  bands  are  very  remarkable. 
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Actinia  mesembryanthemwn  * — A  tolerably  uniform  result  is  obtained  by  the 
examination  of  all  red-coloured  specimens  of  this  species.  When  the  solid  portions 
from  the  ectoderm,  endoderm,  and  tentacles  (in  most  cases)  are  examined  in  the 
manner  described,  a  band  which  closely  resembles  that  of  reduced  haemoglobin  is  seen, 
accompanied  generally  by  two  other  bands  nearer  the  violet  end  of  the  spectrum, 
Chart  I.,  spectrum  1.  The  extreme  edges  of  the  shading  of  the  band  extend  from 
X  600  to  X  560,  while  its  darkest  part  is  from  X  580  to  X  563.  These  measurements 
vary,  however,  according  to  the  colour  of  the  specimen,  for  in  brown  specimens  the 
dominant  band  is  nearer  the  violet,  and  in  some  a  band  is  also  present  before  D.  As 
subsequent  observations  showed,  the  latter  spectrum  belongs  to  modifications  of  the 
same  colouring  matter,  for  the  same  decomposition  products  are  obtained  in  both 
cases.  The  best  way  to  show  this  variation  of  the  band  according  to  the  colour  of  the 
specimen  is  by  drawing  a  number  of  spectra  from  different  cases,  which  accordingly  I 
have  done  in  the  accompanying  Chart  I.,  spectrum  1  to  8.  The  blue  chromatophores 
(=‘c  eye-spots  ”)  show  always  a  spectrum  in  which  the  band  is  nearer  the  red  than  in 
the  ectoderm  and  endoderm,  and  has  a  likeness  to  that  of  indigo -blue.  This  spectrum 
is  shown  in  Chart  I.,  spectrum  9.  In  purely  brown  specimens  the  spectrum  is  tolerably 
constant,  as  they  all  showed  a  band  between  D  and  E,  and  generally  one  at  D, 
spectra  5  and  6,  Chart  I.  They  also — as  I  have  stated — give  the  same  decompo¬ 
sition  products  as  the  red  specimens,  and  this  remark  applies  to  greenish  specimens. 
The  spectrum  of  brown  specimens  has  a  close  resemblance  to  that  of  the  pigments  to 
which  I  have  given  the  name  histoheematins,  and  a  spectrum  even  more  closely  related 
to  these  is  seen  in  Sagartia  troglodytes. 

I  tried  by  the  use  of  alcohol,  ether,  chloroform,  bisulphide  of  carbon,  and  other 
solvents,  to  get  this  colouring  matter  out  of  the  different  parts  of  Actinci  mesembry- 
anthemum,  but  failed.  I  succeeded  in  getting  it  out  changed  by  boiling  with  rectified 
spirit  and  caustic  potash  or  caustic  soda,  also  by  digesting  in  the  cold  with  the  same 
solutions,  but  at  last  I  found  that  it  could  be  extracted  with  glycerin. 

When  boiled  with  caustic  potash  and  rectified  spirit,  or  slowly  extracted  in  the  cold,  a 
reddish  solution  was  always  obtained,  which  showed  a  band  at  D,  spectrum  10,  Chart  I., 
generally  extending  from  X  625  to  X  589,  which  recalls  to  mind  the  spectrum  of  alkaline 
hEematin  ;  when  sulphide  of  ammonium  was  added  to  this,  the  band  at  D  disappeared, 
to  be  replaced  in  every  case  by  two  well-defined  bands,  which  are  un distinguishable  from 
hsemochromogen,  spectrum  11,  Chart  I.  The  first  extended  from  X  564'5  to  X  553,  the 
second  from  X  537  to  X  521 -5.  Their  peculiarities  of  shading  and  their  position  are  those 
of  heemochromogen.  I  then  observed  that  all  the  red  colouring-matter  in  the  Actinise 
gave  after  this  treatment  in  the  solid  state  the  spectrum  of  htemochromogen.  Now 
Hoppe-Seyleb  t  found  that  if  solutions  of  haemoglobin  are  treated  with  caustic  alkalies 

*  In  every  case  the  finely  divided  portions  of  the  Actiniae  were  well  washed  in  distilled  water  before 
examination. 

t  “  Weitere  Mittheilungen  fiber  die  Eigenschaften  des  Blntfarbstoffs.  ”  Zeitschrift  f.  physiol.  Cliem., 
vol.i.,  p.  138,  and  Physiol.  Chemie,  also  Professor  Gamgee’s  ‘  Physiological  Chemistry,’  vol.  i.,  1880. 
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in  an  apparatus  from  which  the  air  is  carefully  excluded,  the  haemoglobin  becomes 
changed  into  hsemochromogen.  In  the  solid  tissues  of  the  Actinia,  a  similar  reaction 
occurs,  but  in  the  solution  used  to  extract  the  pigment  the  hsematin  becomes  oxidised 
as  it  comes  out  of  the  tissue  and  shows  the  alkaline  hsematin  spectrum,  which,  however, 
can  be  reconverted  into  hsemochromogen  by  the  addition  of  ammonium  sulphide. 

I  could  not,  with  certainty,  obtain  acid  hsematin,  but  I  did  succeed  in  converting 
the  colouring  matter  into  hsematoporphyrin.  By  digesting  portions  of  an  Actinia 
in  sulphuric  acid,  and  filtering  through  asbestos,  a  purple-red  solution  was  obtained- 
which  showed  bands  like  those  of  acid  hsematoporphyrin,  spectrum  12,  Chart  I.,  a 
little  rectified  spirit  being  added  to  the  acid  solution,  but  the  band  nearer 
the  violet  is  not  placed  exactly  in  the  same  position  as  the  corresponding  band 
of  hsematoporphyrin  obtained  from  hsemoglobin.  The  first  band  (in  one  experi¬ 
ment)  extended  from  X  605  to  A.  595,  and  second  from  X  563  to  X  551,  but  owing 
to  the  presence  of  bili verclin  and  proteids  these  measurements  may  not  be  quite 
reliable,  still  they  possess  a  certain  value  when  the  results  are  compared  with  other 
cases.  If  this  spectrum  be  that  of  a  kind  of  hsematoporphyrin,  it  ought  to  be 
changeable  into  alkaline  hsematoporphyrin,  and  such  is  the  case.  The  solution  was 
largely  diluted  with  water,  and  ammonia  added  to  cause  the  precipitation  of  the 
pigment.  A  flocculent  precipitate  fell ;  on  filtering,  an  ochry-coloured  precipitate  was 
left,  which,  on  being  dissolved  in  alcohol  and  ammonia,  gave  a  red  solution,  showing 
the  spectrum  of  alkaline  hsematoporphyrin,  as  shown  in  spectrum  1 3,  Chart  I.  The 
solution  was  too  dilute  to  enable  me  to  take  the  wave-lengths  of  its  bands  in  the 
large  spectroscope,  but  in  the  microspectroscope  every  band  could  be  measured  easily. 

Hence  there  can  no  longer  be  a  doubt  that  in  Actinia  mesembryanthemum  a 
colouring  matter  is  present  which  can  be  changed  into  hsemochromogen  and  hsemato¬ 
porphyrin.'"  But  a  more  remarkable  likeness  to  the  higher  animals  as  regards  its 
pigments  is  shown  by  this  Actinia,  as  I  find  that  it  contains  a  pigment  which  cannot 
in  any  way  be  distinguished  from  biliverdin.  I  could  not  believe  this  at  first,  but 
there  is  now  no  doubt  that  such  is  the  case,  my  conclusions  being  based  on  a  great 
number  of  experiments. 

Beneath  the  ectoderm  of  many  specimens,  and  also  in  the  base  (of  attachment),  a 
green  coloration  is  perceptible.  I  found  that  if  such  portions  of  an  Actinia  were  put 
into  strong  sulphuric  acid  they  immediately  assumed  a  vivid  green  colour,  but  oil 
examining  such  portions  spectroscopically  they  were  found  free  from  absorption  bands, 
but  absorbed  some  of  the  red  end  of  the  spectrum  and  transmitted  the  green 
intensified.  I  then  found  that  if  portions  having  the  green  colour  were  put  into  a 
mixture  of  alcohol  and  sulphuric  acid,  and  even  in  alcohol  alone,  the  solution  soon 

*  The  h  re  matin  of  the  bile  of  pulmonate  mollusks  and  of  the  crayfish  is  not  changeable  into  alkaline 
hsematin,  nor  into  liEematoporphyrin,  so  far  as  one  can  judge;  it  is  an  immature  kind  of  hrematin,  as 
Sobby  has  shown.  Krukenbekg’s  name,  helicorubin,  is  not  appropriate,  as  this  pigment  is  met  with  in 
other  animals.  Fnterolicematin  is  the  name  I  now  propose  for  it  for  obvious  reasons. 
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acquired  a  green  colour.  If  red  portions  of  Actinise  were  removed  with  the  green  ones, 
then  I  could  sometimes  see  hsematoporphyrin-like  bands  in  the  solution  obtained  by 
the  action  of  alcohol  and  sulphuric  acid  upon  them,  but  if  the  green  coloured  parts 
alone  were  treated  in  this  manner  the  resulting  solution  showed  no  bands.  On 
treating  the  solution  so  prepared  on  a  white  dish  with  nitric  acid  the  blue,  violet,  red, 
and  yellow  colours  of  Gmelin’s  reaction  were  successively  and  distinctly  seen  ;  and  if 
the  solution  was  placed  in  a  glass-vessel  and  its  spectrum  observed,  the  very 
characteristic  bands  which  accompany  the  colour-changes  of  this  reaction  were 
distinctly  visible.  But  a  purer  solution  of  biliverdin  is  obtained  by  extracting  the 
integument  after  the  above  treatment  with  alcohol ;  this  purely  green  solution  now 
absorbs  more  of  the  red  end  and  transmits  green  intensified,  as  shown  in  the  map, 
spectrum  14,  Chart  I.,  which  is  quite  free  from  absorption  bands,  except  a  very 
feeble  shading  before  F.  Treated  on  a  white  dish  with  nitric  acid  the  green,  blue, 
violet,  red,  and  yellow  stages  of  Gmelin’s  reaction  are  clearly  seen.  If  placed  in  a 
test  tube  and  examined  before  the  slit  of  the  spectroscope,  and  nitric  acid  added,  as 
the  colour  changes  a  band  appears  before  D  and  one  at  F,  then  a  band  also  appears 
after  D,  the  last  fades  away,  then  that  before  D  fades  away,  and  finally  that  at  F.  No 
other  pigment  but  biliverdin  behaves  in  this  manner,  as  1  have  previously  shown.'" 

It  is  no  easy  matter  to  read  the  bands  in  the  case  of  Gmelin’s  reaction,  they 
disappear  so  soon,  but  I  believe  the  following  are  fairly  accurate,  for  the  above 
solution  : — the  1st  band  is  about  X  623  to  X  593,  the  second  faded  too  quickly  to  measure 
it,  and  the  third  extended  from  X  5f  1:5  to  X  488, f  spectrum  15,  Chart  I.  Compared 
ivith  an  alcohol  solution  of  biliverdin  obtained  from  bile,  these  bands  corresponded 
exactly.  These  experiments  were  repeated  several  times,  and  the  result  was  always 
the  same.  Hence  Actinia  mesembryanthemum  contains  in  its  mesoderm  and  else¬ 
where  a  colouring  matter  undistinguishable  from  biliverdin.  From  the  fact  that  dull 
green  parts  of  Actinia  mesembryanthemum  assume  a  vivid  green  under  the  influence 
of  the  acidulated  alcohol,  it  is  probable  that  a  portion  at  least  of  the  biliverdin  is 
present  in  the  condition  of  a  chromogen. 

For  a  long  time  I  could  not  exactly  determine  whether  the  band  in  red  specimens 
of  Actinia  mesembryanthemum,  occupying  the  position  nearly  of  that  of  reduced 
haemoglobin,  was  not  the  same  as  that  of  Actiniochrome,  because  Professor  Moseley’s 
drawing  of  the  spectrum  was  lost,  but  on  examining  Bunodes  crassicornis,  in  which 
Actiniochrome  occurs,  I  was  able  to  decide  this  point.  The  band  of  Actiniochrome  is 
nearer  the  red,  and  is  represented  in  Chart  I.,  spectrum  16. 

The  next  point  to  be  determined  was  whether  the  same  decomposition  products  could 
be  obtained  from  the  respective  colouring  matters,  but  as  long  as  I  dealt  with  solid 
tissues  I  got  conflicting  results  ;  at  length,  however,  I  found  that  I  could  get  Actinio- 

*  ‘  Spectroscope  in  Medicine,’  1880,  and  Proc.  Roy.  Soc.,  No.  208,  1880,  No.  226,  1883,  and  Journ. 
Physiol.,  vol.  vi  ,  pp.  22-39. 

f  The  reading  of  the  violet  edge  of  tlie  last  band  may  not  be  quite  accurate. 
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chrome  into  solution  to  a  slight  extent  by  extracting  parts  in  which  it  was  seen  to  he 
present — by  preliminary  spectroscopic  examination — with  glycerin,  which  also  extracts 
— to  a  slight  extent — the  hsematin-yielding  pigment.  But  from  the  glycerin  it  could 
not  be  obtained  in  sufficient  quantity  in  the  solid  state  to  be  thoroughly  studied. 
Knowing  that  various  ferments  can  be  precipitated  out  of  glycerin  extracts  of  organs 
by  means  of  absolute  alcohol  I  tried  to  precipitate  these  pigments  in  the  same  way, 
but  failed,  owing  to  dearth  of  material  and  the  presence  of  mucus,  &c.  I  shall, 
however,  attempt  this  again  when  I  have  an  opportunity.  Examination  of  glycerin 
extracts,  however,  enabled  me  to  decide  the  question  referred  to  above,  namely  : 
whether  Moseley’s  Actiniochrome  yields  hsemochronrogen  or  not. 

Every  specimen  of  Actinia  mesembryanlhemum,  whether  its  colour  was  red,  reddish- 
brown,  brown,  or  greenish-brown,  gave  to  the  glycerin,  after  some  days’  extraction,  a 
certain  amount  of  colouring  matter,  which  in  every  case  could  be  made  to  change  into 
hcemochromogen,  while  Actiniochrome  never  could  be  changed  into  it ;  hence  the 
respective  pigments  are  very  different.  One  is  a  respiratory  colouring  matter,  the 
other  is  an  ornamental  one. 

If  a  glycerin  extract  is  made  of  Actiniochrome,  a  band  may  be  seen  from  about  \  593 
to  A  566  (centre  at  A  579).  On  adding  to  this  caustic  soda  the  band  is  moved 
slightly  nearer  violet,  and  then  on  adding  sulphide  of  ammonium  it  is  only  darkened. 

If  a  glycerin  extract  be  made  of  the  ectoderm  of  an  anemone  yielding  the  broad 
band  of  actiniohsematin,  referred  to  before,  it  gives  a  band  at  D  and  one  between 
I)  and  E,  spectrum  17,  Chart  I.  If  now  sulphide  of  ammonium  be  added,  no  change, 
or  only  darkening,  of  the  second  band  takes  place;  but  if  caustic  soda  or  caustic  potash 
be  added  previously,  and  afterwards  sulphide  of  ammonium,  the  spectrum  is  changed 
into  that  of  haemochromogen,  spectrum  18,  Chart  I. 

The  caustic  soda  in  this  case  does  not,  however,  cause  the  spectrum  of  alkaline 
hsematin  to  appear,  but  removes  the  band  at  D  altogether. 

In  such  glycerin  solutions  of  Actinia  mesembryanthemum  the  first  band  reads  from 
A  G13  to  A  576,  the  second  from  A  566  to  A  545'5,  and  generally  a  third  from  A  479 
to  A  45 8 '5.  After  caustic  soda  the  first  band  disappears  and  the  second  is  made  very 
faint ;  on  adding  ammonium  sulphide  the  hgemochromogen  bands  read  :  first  from 
A564’5  to  A  554’5,  and  tire  second  from  A  537  to  A524‘5.  I  reserve  for  the  end  of 
this  paper  the  conclusions  which  one  may  draw  as  to  the  functions  of  the  hsematin- 
yielding  pigment.  This  Actinia,  without  doubt,  contains  a  pigment  yielding  hsematin 
and  hsematoporphyrin,  and  perhaps  it  may  save  confusion  to  name  the  mother-sub¬ 
stance  provisionally  Actiniohcematin.  In  none  of  the  specimens  of  this  Actinia 
examined  could  I  find  any  “  yellow  cells.”  It  appears  that  this  hsematin-yielding 
pigment  does  not  give  the  same  spectrum  in  brown  specimens  as  in  red  ;  but  the 
spectrum  of  the  glycerin  extract  of  red  Actiniae  has  a  close  resemblance  to  that  of  the 
spectrum  of  the  solid  ectoderm  and  other  parts  of  brown  specimens.  This  does  not 
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show  that  the  pigment  has  been  altered  by  extraction  with  glycerin,  but  its  molecular 
condition  may  be  altered.  It  is  well  known  that  the  spectrum  of  a  pigment  may 
differ  in  the  solid  and  liquid  state  without  any  necessary  change  in  its  composition 
(Vogel  and  Kundt). 

Bimodes  crassicornis. — As  already  stated,  this  species  has  been  examined  by 
Professor  Moseley, : *  who  found  that  the  parts  scraped  off  from  the  general  body 
wall  and  tentacles  gave  no  bands,  while  those  from  the  circumoral  disc  did  give  a 
band,  nearly  coinciding  with  the  less  refrangible  band  of  oxy-hgemoglobin  ;  he  also 
found  that  most  of  the  western  species  were  entirely  green,  and  in  about  one  in  ten 
the  tips  of  the  gonidial  tubercles  retained  a  bright  red  colouring.  In  two  specimens 
the  tentacles  were  a  beautiful  rose  colour,  and  this  colour  was  found  to  be  due  to 
Actiniochrome,  though  it  was  absent  from  the  entire  remainder  of  the  body.  I  have 
found  that  the  colour  and  spectra  of  this  species  differ  considerably  in  different  cases. 
In  some  obtained  from  Weymouth  the  specimens  were  mostly  a  dull  brownish-green, 
mottled  irregularly  with  red,  and  the  base  was  also  mottled  with  red.  In  some  a 
green  layer  was  present  beneath  the  ectoderm.  (The  colour  of  other  specimens  will 
be  referred  to  further  on.)  In  the  ectoderm  of  these  a  band,  occupying  the  same 
position  as  that  in  Actinia  mesembryanthemum,  was  present  in  the  red  parts.  The 
tentacles  were  colourless  at  the  apices,  and  those  parts  of  the  tentacles  which  had  a 
yellowish-red  colour  gave  spectrum  1,  Chart  II,  which  belonged  to  the  ectodermal 
layer.  No  Actiniochrome  could  be  detected.  The  red  parts  of  the  ectoderm  gave 
spectrum  2,  Chart  II.  In  none  of  the  tentacles  of  this  variety  could  “yellow  cells” 
be  detected.  On  cutting  out  the  red  portions  of  the  ectoderm  and  digesting  them 
in  rectified  spirit  and  caustic  potash  a  reddish-yellow  solution  was  obtained,  giving  an 
ill-defined  band  before  D,  and  absorption  of  the  violet  end  of  the  spectrum,  spectrum  3, 
Chart  II.  On  adding  ammonium  sulphide  the  hsemochromogen  bands  appeared,  the 
solution  becoming  redder;  the  first  band  extended  from  X  564’5  toX.554'5,  and  the 
second  from  X537  to  X  524-5.  An  extraction  of  the  tentacles  with  alcohol  was 
without  result. 

The  colours  of  other  specimens  from  the  same  locality  were  a  dirty  green  in  the 
ectoderm  which  was  mottled  with  light  green  spots  and  with  a  bright  red  circumoral 
ring,  the  tentacles  being  yellowish  with  a  red  zone  belonging  to  the  ectodermal  layer.! 
The  red  ectoderm  and  the  brown-red  endodermal  parts  gave  the  same  spectrum  as 
the  former  specimens.  The  ectodermal  and  endodermal  parts,  and  also  the  tentacles, 
contained  actin iohsematin,  as  proved  by  the  action  of  rectified  spirit  and  caustic  potash, 
sulphide  of  ammonium,  &c.,  the  same  decomposition  products  having  been  obtained  as 
in  former  experiments.  No  Actiniochrome  could  be  detected  with  certainty. 

*  Loc.  cit. 

t  The  spectrum  of  these  tentacles  in  the  yellowish  parts  is  shown  in  Chart  II.,  spectrum  1.  They  hacl 
a  bluish-white  base,  a  red  median  zone,  and  almost  colourless  points.  The  red  zone,  as  said  supra .,  gave 
the  same  band  as  the  ectoderm,  Ac.,  and  yielded  hannochromogen. 

4  O  2 
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In  other  specimens  of  Bunodes  crassicornis,  from  Llandudno,  the  ectoderm  had  a 
dark  purple-red  colour,  and  the  tentacles  were  purple-red,  with  more  lightly  tinted 
apices  ;  here  the  tentacles  gave  Moseley’s  Actiniochrome  spectrum  with  great  distinct¬ 
ness,  spectrum  16,  Chart  I.  and  5,  II.,  and  on  squeezing  them  in  the  compressorium 
two  other  bands  nearer  the  violet  end  of  the  spectrum.  The  red  colouring  matter 
(Actiniochrome)  was  confined  to  the  ectodermal  layer  of  the  tentacles.  Its  band  read 
from  X  600  to  X  560,  including  the  feeble  shadings  on  each  side  of  it.  The  ectoderm 
of  the  body  wall  gave  a  band  somewhat  like  the  last  specimens,  but  nearer  violet, 
which  evidently  resembles  the  band  of  actiniohsematin  in  former  cases.  In  the 
endodermal  parts  the  same  band  could  be  seen,  but  less  distinctly.  Beneath  the 
ectoderm  (mesoderm)  a  greenish  layer  was  seen  showing  no  bands. 

On  digesting  the  tentacles  for  three  days  in  glycerin  a  violet-red  solution  was 
obtained,  and  this  gave  spectrum  5,  Chart  II.  This  band  of  Actiniochrome  in  glycerin 
extended  from  X  596'5  to  X  563,'“  centre  at  X  579.  The  band  in  violet  of  the  same 
spectrum  from  X  477  to  X458‘5  (?).  On  treatment  with  caustic  soda  the  former  band 
remained  unchanged,  and  no  change — except  very  slight  shifting  towards  violet — was 
produced  by  adding  ammonium  sulphide.  On  treatment  with  acetic  acid  (of  a 
glycerin  extract),  the  colour  and  spectrum  became  less  distinct ;  sulphuric  acid  also 
made  the  band  fainter.  On  treating  some  tentacles  with  caustic  potash  and  spirit, 
and  subsequently  ammonium  sulphide,  no  evidence  of  the  presence  of  hgemochromogen 
could  be  obtained.  Now  the  red  colouring  matter  of  the  ectoderm,  when  treated 
in  the  same  way,  yielded  a  solution  which,  with  caustic  soda  and  subsequently 
ammonium  sulphide,  gave  the  hsemochromogen  bands.  Other  portions  of  ectoderms 
were  extracted  with  rectified  spirit  and  caustic  potash,  and  yielded  a  red  solution, 
showing  an  ill-defined  band  before  D  (as  in  other  cases),  and  on  treatment  with 
ammonium  sulphide  the  bands  of  hsemochromogen  appeared,  the  first,  from  X  563  to 
X  554-5,  and  the  second  from  X  540  to  X  524’5.  The  solid  parts  of  such  ectoderms 
after  this  treatment  with  caustic  potash  and  alcohol — as  in  all  cases  when  actiniohfe- 
matin  is  present — showed  two  well-marked  htemochromogen  bands,  which  on  measure¬ 
ment  were  found  to  have  the  following  wave-lengths,  the  first,  from  X  567'5  to  X  556, 
and  the  second,  from  X  537  to  X5215.  On  comparison  with  the  spectrum  of  an 
alcoholic  or  glycerin  solution  of  hsemochromogen,  a  discrepancy  in  the  measurements 
is  noticeable,  the  reason  is  simply  this  :  that  in  one  case  the  pigment  is  in  the  solid 
state,  in  the  other  in  solution  (spectrum  6,  Chart  IT.).  The  endodermal  parts  also 
contained  actiniohsematin,  as  proved  by  the  same  treatment. 

Just  as  in  Actinia  mesembryanthemum  so  also  in  Bunodes  crassicornis,  I  succeeded 
in  getting  hsematoporphyrin  from  the  actiniohsematin.  Portions  of  ectoderm,  in  which 
the  pigments  had  been  converted  into  hsemochromogen  by  treatment  with  rectified 
spirit  and  caustic  potash,  were  acted  upon  with  sulphuric  acid,  and  the  resulting  purple- 


*  Its  darkest  part  was  from  \  589  to  A  569. 
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red  solution  filtered,  through  asbestos  ;  in  this  solution  the  acid  hsematoporphyrin 
spectrum  was  plainly  seen,  much  more  plainly  than  in  the  case  of  other  Actiniae, 
so  that  readings  could  be  easily  taken,  the  first  band  extended  from  X  613  to 
X  5 9 6 '5 ,  and  the  second  from  X  566  to  X  551  ;  here  a  third  feeble  shading  from  X  524'5 
to  X  501  was  also  seen.  On  comparing  these  readings  with  those  got  in  former  cases 
the  agreement  is  tolerably  close,  especially  when  we  take  into  consideration  the  fact 
that  in  the  case  of  Actinia  mesembryanthemum  the  bands  of  a  solution  diluted  with 
rectified  spirit  were  measured,  while  here  the  pigment  was  dissolved  in  pure  sulphuric 
acid.  In  the  latter  case  the  pigment  could  also  be  converted  into  alkaline  hsemato¬ 
porphyrin. 

If  a  Bunodes  crassicovnis  be  taken  whose  tentacles  show  the  aetiniohsematin  band, 
and  if  the  tentacles  be  extracted  with  glycerin,  the  solution  shows  a  much  broader  band 
between  D  and  E  than  that  of  Actiniochrome  ;  then  on  adding  caustic  soda  the  band 
is  made  fainter,  and  on  adding  sulphide  of  ammonium  the  hsemochromogen  bands 
are  seen  with  distinctness,  but  if  those  tentacles  which  show  Professor  Moseley’s 
Actiniochrome  are  treated  in  the  same  way  a  negative  result  is  obtained. 

Biliverdin  appears  to  he  present  in  the  mesoderm  and  in  other  green  parts. 

In  some  specimens  I  found  actiniohcematin  and  actiniochrome  mixed  together,  and 
in  the  glycerin  extract  of  some  tentacles  two  bands  nearer  the  violet,  as  shown  in 
spectrum  7,  Chart  II.  I  do  not  think  these  bands  belong  to  a  lipochrome  (=  lutein) 
as  they  are  not  found  in  solutions  which  dissolve  the  lipochromesA  Similar  bands 
were  seen  in  the  case  of  other  anemones,  as  will  be  seen  by  referring  to  the  spectra 
figured. 

Hence  in  Bunodes  crassicovnis  we  find  aetiniohsematin  with  tolerable  constancy, 
occasionally  actiniochrome  and  also  biliverdin,  besides  the  lutein-like  pigments.  In  the 
ectoderm  as  well  as  in  the  endoderm,  and  sometimes  in  the  tentacles,  aetiniohsematin 
is  present.  In  none  of  the  specimens  wrere  “  yellow  cells”  present,  and  by  no  other 
solvents  except  glycerin,  and  alkaline  and  acid  alcoholic  solutions,  could  any  pigments 
be  got  into  solution. 

Bunodes  ballii  (large  variety). — The  specimens  which  I  have  examined  came  from 
Weymouth.  The  body  wall  was  dotted  with  red,  the  tentacles  and  body  at  their 
base  were  green,  and  the  tentacles  presented  a  contrast  in  their  opacity  to  the  Actinise, 
examined  supra.  In  other  specimens  the  body  wall  (ectodermal  layer)  was  red  or 
brownish-red,  the  upper  fifth  or  so  greenish,  with  rows  of  white  dots  running  from 
base  to  disc. 

The  tentacles  gave  a  number  of  bands,  (see  spectrum  10,  Chart  II.,)  which  showed 

*  “  Lipockromes  ”  is  a  name  proposed  by  Krukenberg  for  a  class  of  pigments  some  of  which  were 
formerly  known  as  luteins.  See  his  ‘  X^ergleichend-physiologische  Studien,’  1880—1882,  and  ‘  Grundziige 
einer  vergleichenden  Physiologie  der  Fai'bstoffe  und  der  Farben,’  1884.  I  hope  to  have  more  to  say  on 
this  point  in  a  future  paper. 


650 


DR.  C.  A.  MAC  MUNN  ON"  THE  CHROMATOLOGY  OF  ACTINLE. 


that  a  chlorophyll-like #  pigment  was  present  in  them.  The  interior  parts — mesenteries, 
&c.,  gave  the  same  spectrum.  The  ectoderm  in  the  redder  parts  gave  a  faint  band  in 
green,  as  shown  in  spectrum  11,  Chart  II.,  while  in  its  green  parts — with  few  excep¬ 
tions — the  same  spectrum  as  that  of  the  tentacles  could  be  detected.  On  extracting 
the  tentacles  with  absolute  alcohol  for  a  couple  of  days  and  filtering,  an  orange- 
coloured  solution,  with  a  distinct  red  fluorescence,  was  obtained,  and  this  gave 
spectrum  12,  Chart  II.  These  bands  gave  the  following  readings:  1st  band,  A.  675, 
to  X  657,  2nd  band,  X  642‘5  to  A. 629,  and  3rd  band,  X  595  to  X579,  the  light  being  com¬ 
pletely  absorbed  at  X543.  On  treatment  with  one  drop  of  nitric  acid  the  spectrum 
changed  completely,  a  darker  band  appeared  placed  over  a  lighter  one,  the  whole 
compound  band  extended  from  X  675  to  X647,  and  its  dark  part  from  X  675  to  X665  ; 
another  also  before  D  from  X  623  to  X596’5,  light  being  completely  absorbed  at  X  521’5. 
Spectrum  13,  Chart  II.  A  feeble  band  also  was  seen  after  D,  not  shown  in  the  map. 
The  first  alcohol  extract  left  the  tentacles  a  vivid  green,  but  on  repeated  extraction 
with  alcohol  the  colour  became  much  diminished,  and  the  second  alcohol  extract  did 
not  differ  from  the  first. 

On  extracting  the  interior  parts  of  this  anemone  with  absolute  alcohol  and  filtering, 
an  orange-coloured  solution  was  obtained,  and  this  gave  a  very  faint  red  fluorescence 
and  a  faint  spectrum,  not  differing  from  that  of  the  alcohol  solution  of  the  tentacles, 
after  allowing  for  the  smaller  amount  of  pigment  present  in  the  solution.  In  a  thin  layer 
of  the  solution  a  feeble  band  was  seen  extending  approximately  from  X  509  to  X  484'5. 

On  extracting1  the  ectoderm  with  absolute  alcohol  and  filtering,  an  orange-coloured 
solution  was  also  obtained,  giving  the  same  spectrum  as  the  parts  referred  to,  spec¬ 
trum  14,  Chart  II.,  and  having  a  red  fluorescence.  These  bands  read  as  follows: 
1st  from  X  675  to  X  657,  2nd  from  X645  to  X  629,  and  3rd  from  X  595  to  X580'5, 
the  spectrum  being  extinguished  at  X  551. 

On  treating  this  last  alcoholic  solution f  with  caustic  potash  the  spectrum  changed 
completely ,  as  shown  in  spectrum  15,  Chart  II.  The  result  obtained  by  extracting 
the  ectoderm  with  rectified  spirit  and  caustic  potash  and  filtering  was  no  less  striking; 
the  resulting  solution  was  distinctly  green,  and  gave  the  spectrum  shown  in 
spectrum  16,  Chart  II.  The  first  and  second  band  read:  1st  from  X  649  to  X627, 
2nd  X  609  to  X585.  In  a  thin  layer  a  third  became  detached  at  X  492'5  to  X475.  No 
heemochromogen  bands  could  be  obtained.  At  the  same  time  I  believe  the  red 
portions  contain  a  small  amount  of  actiniohmmatm,  its  presence  being  masked  by 

*  In  the  list  of  chlorophyll-containing  animals,  enumerated  by  Professor  Lankester,  in  the  second 
English  edition  of  Sachs’s  ‘  Botany,’  the  word  chlorofucin  is  placed  after  Anthea  cereus.  I  have  accord¬ 
ingly  introduced  the  spectrum  of  chlorofucin  from  Fticus  serratus  (Linn.),  and  there  is  seen  a  remarkable 
likeness,  if  not  an  identity,  between  it  and  the  pigments  of  the  above,  S.  bellis  and  A.  cereus. 
Spectra  8  and  9,  Chart  II.  Sorby  was  the  first  who  showed  the  presence  of  chlorofucin  in  A.  cereus. 
Pi’oc.  Royal  Soc.,  No.  146,  vol.  xxi.,  1873,  p.  454. 

f  Or  that  of  the  tentacles. 
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the  chlorophyll-like  pigment.  On  microscopic  examination  the  tentacles  were  found 
packed  with  “yellow  cells,”  lodged  in  part  in  their  endodermal  lining.  They  differed 
in  no  respect  from  the  “yellow  cells”  of  Sagartia  bellis  and  Anthea  cereus,  to  be 
described  further  on.*  Schulze’s  fluid  developed  a  distinct  cellulose  reaction  in  their 
outer  wall,  and  evidence  of  starch  was  obtained  by  treatment  with  iodine  in  iodide  of 
potassium,  especially  after  maceration  for  some  time  in  a  weak  solution  of  caustic 
potash  and  neutralizing  with  acetic  acid  (Geddes).  Further,  it  would  seem  that 
these  “  yellow  cells  ”  had  taken  the  place  of  the  red  colouring  matter  of  other  species, 
to  a  great  extent,  since  the  latter  was  present  in  mere  traces. 

On  examining  the  small  variety  of  Btcnodes  ballii  from  the  same  locality  no  “yellow 
cells  ”  could  be  detected  in  the  tentacles  or  elsewhere.  Their  tentacles  were  mostly 
coloured  pink  in  the  inner  row,  and  colourless  in  the  outer  row,  and  the  former  gave  a 
well-marked  actiniochrom e-like  spectrum,  spectrum  17,  Chart  II.  The  ectoderm  was  in 
places  lake-red  (and  the  base  dotted  with  red),  and  gave  spectrum  18,  Chart  II.  This 
spectrum,  on  comparison  with  the  tentacles,  shows  the  presence  of  a  band  near  the 
violet,  while  the  other  band  is  well  marked.  In  some  specimens  the  lining  of  the  body 
cavity  (endoderm)  was  pink,  and  in  such  cases  gave  spectrum  1,  Chart  III.  ;  the  second 
band  of  which  is  remarkably  dark,  in  other  cases  it  was  brownish- yellow,  and  gave  no 
well-marked  band.  I  failed  to  procure  hsemochromogen,  however,  from  these  anemones, 
which  is  very  remarkable.  Digestion  of  the  different  parts  in  rectified  spirit  and 
caustic  potash  gave  a  negative  result  after  repeated  trials.  Still  the  fact  is  interesting 
that  the  colouring  matter  of  the  ectoderm  resembles,  with  regard  to  the  first  band  of 
its  spectrum,  that  of  Actinia  mesembryanthemum.  It  may  have  been  a  pigment 
which  is  intermediate  between  actiniochrome  and  actiniohsematin.  But  this  I  hope  to 
decide  when  1  have  an  opportunity.  The  replacement  of  this  pigment  by  the  colouring 
matter  of  the  “  yellow  cells  ”  in  the  large  variety  is  of  great  interest,  and  teaches  that 
the  presence  of  the  colouring  matter  has  something  to  do  with  the  absence  of  “yellow 
cells”  in  the  small  variety.  It  would  be  premature  to  say  that  this  pigment  is 
peculiar  to  the  small  variety,  but  it  may  possibly  be  a  special  one  like  that  of 
Sagartia  parasitica, 

Sagartia  dianthus. — Specimens  of  this  Actinia  were  procured  from  Weymouth.  Some 
v.'ere  yellow-brown  externally,  others  white.  The  tentacles  generally  flesh-coloured ; 
the  lining  of  the  body  cavity  generally  reddish.  The  ectoderm  of  the  yellow-brown 
specimens  showed  a  very  badly  marked  band  before  I),  and  a  feeble  shading  in  green, 
which  recalled  to  mind  the  spectrum  of  brown  specimens  of  Actinia  mesembryanthemum ; 
the  ectoderm  of  white  specimens  showed  no  band.  The  endodermal  parts  showed  only 
a  faint  shading  in  green  ;  and  all  these  spectra  were  too  indistinct  to  be  mapped. 

In  a  small  orange  coloured  Sagartia  dianthus  a  bit  of  ectoderm  and  the  orange 
brown-red  endodermal  parts  gave  spectrum  2,  Chart  III. 

*  These  yellow  cells  measured  -g-gbiflli  inch  in  diameter,  others  tli ;  they  were  mostly  Wo 
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But  although  the  examination  of  the  solid  parts  of  this  species  is  so  unsatisfactory, 
I  got  distinct  evidence  of  the  presence  of  a  hee matin-yielding  pigment.  On  digesting 
portion  of  the  ectoderm  of  brown  specimens  in  rectified  spirit  and  caustic  potash  a 
reddish-yellow  solution  was  obtained  which  gave  a  band  at  D,  and  a  shading  at  the 
blue  end  of  green,  the  former  from  A  611  to  A  579.  And  then,  on  adding  ammonium 
sulphide,  this  band  did  not  disappear,  but  a  faint  band  resembling  the  first  reduced 
haematin  band  was  distinctly  seen,  spectrum  3,  Chart  III.  On  digesting  the  lining  of 
the  body  cavity  of  the  same  specimens  in  the  same  solution,  a  very  feeble  band  at  D 
was  detected,  and  on  adding  ammonium  sulphide  the  result  was  the  same  as  in  the 
case  of  the  ectoderm.  The  tentacles  were  digested  in  absolute  alcohol,  and  the  almost 
colourless  solution  gave  a  feeble  band  from  A  505  to  A484‘5,  unchanged  by  caustic 
potash.  The  examination  of  the  endodermal  parts  of  white  specimens  gave  the  same 
result  as  above. 

In  a  large  brown  Sagartia  dianthus  I  also  got  distinct  evidence  of  the  presence  of 
actiniohsematin.  The  reddish-yellow  filtered  extract,  obtained  by  digesting  the  ecto¬ 
derm  in  rectified  spirit  and  caustic  potash,  showed  a  band  from  A  623  to  A  585,  and  on 
adding  sulphide  of  ammonium  two  hcemochromogen  bands  were  seen,  of  which  the 
first  (approximately)  measured  from  A564'5  to  A  554‘5.  The  same  ectoderm  yielded 
nothing  to  absolute  alcohol,  nor  did  the  same  part  of  an  orange  S.  dianthus  to  the 
same  solvent. 

Sagartia  viduata. — The  few  specimens  which  I  had  an  opportunity  of  examining 
were  striped  with  brown  and  white,  and  no  well-marked  band  could  be  detected 
either  in  the  ectoderm  or  endoderm.  A  faint  shading  in  green  was  the  only 
noticeable  appearance. 

On  extracting  the  ectoderm  for  twenty-four  hours  with  rectified  spirit  and  caustic 
potash  a  yellowish  solution  was  obtained,  and  this  gave  spectrum  4,  Chart  III. 
In  this  spectrum  the  first  band  read  from  A  657  to  A  631,  and  the  second  from  A  611 
to  A  582  (?).  If  this  result  is  compared  with  the  result  of  the  examination  of 
Bunodes  hallii  a  resemblance  is  noticed.  Faint  traces  of  hsemochromonen  were 
detected  on  adding  ammonium  sulphide.* 

Sargatia  parasitica. — In  some  specimens  of  this  species — of  a  brown  colour,  externally 
striped  with  yellow  and  being  internally  a  reddish-yellow  colour, — no  distinct  band 
could  be  seen.  In  the  brownish-red  base  no  band  could  be  detected,  but  both  by  the 
ectoderm  and  by  the  latter  the  violet  end  of  the  spectrum  was  strongly  absorbed. 
The  tentacles  were  white,  but  here  and  there  dotted  with  a  purplish  pigment  which 
showed  no  band.  In  some  specimens  the  circumoral  part  had  a  purple-red  colour, 
which  gave  an  ill-defined  band  between  D  and  E.  Microscopically  two  kinds  of 
pigment  could  be  seen  in  them — brown  and  purple-red.  Corresponding  to  these 
appearances  was  the  result  of  extracting  the  various  parts  with  solvents,  as  by  their 

*  I  believe  the  above  chlorophyll-like  spectrum  was  due  to  presence  of  “yellow  cells,”  but  I  failed  to 
detect  them  in  the  specimens  examined. 
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use  the  presence  of  two  pigments  was  proved.  One  of  them  was  the  familiar  actinio- 
hsematin,  the  other  a  pigment  different  from  any  I  had  examined  before. 

On  digesting  the  interior  parts  in  rectified  spirit  and  caustic  potash  an  orange- 
coloured  solution  was  obtained,  and  on  treatment  with  ammonium  sulphide  two  bands 
like  those  of  reduced  hsematin  appeared,  as  shown  in  spectrum  5,  Chart  III.,*  of 
which  the  first  read  from  X  563  to  X  554'5,  the  second  was  not  distinct  enough  to  be 
read. 

A  different  result  was  obtained  on  examining  the  solutions  obtained  from  the 
ectoderm. 

As  usual,  I  digested  the  ectoderm  in  rectified  spirit  and  caustic  potash,  and  after 
filtering  obtained  a  red  solution,  and  at  the  end  of  six  weeks  a  similar  solution 
retained  a  fine  carmine-red  colour.  A  deep  layer  transmitted  red  and  a  little  green, 
and  in  a  thinner  one  a  broad  band  with  ill-defined  shading  occupied  the  middle  of  the 
spectrum ;  both  are  shown  in  spectra  6  and  7,  Chart  III.  Measurement  showed 
that  a  deep  layer  absorbed  the  spectrum  from  X  557  onwards  to  the  violet,  and  the 
broad  band  extended  from  X  540  to  X  467.  On  treatment  with  ammonium  sulphide  the 
red  colour  was  replaced  by  a  brownish-yellow,  and  now  a  broad  shading  covered  D 
and  extended  towards  E  (spectrum  8,  Chart  III.).  But  it  is  not  necessary  to  use  an 
alkali  for  extracting  this  colouring  matter,  as  it  goes  into  solution  when  the  ectoderm 
is  digested  in  absolute  alcohol.  Such  a  solution  is  red  in  deep  layers  and  yellow  in 
thin,  and  in  the  former  gives  a  band  at  D,  broad  and  ill-defined,  and  absorbs  strongly 
the  whole  of  the  spectrum  from  close  before  E  onwards  towards  violet, +  spectrum  9, 
Chart  III.,  while  in  a  thin  layer  a  double  band  became  detached,  as  shown  in  the 
spectrum  10,  Chart  III.  The  broad  band  at  D  extended  from  X  640  to  X576,  and  the 
second  about  X  535  to  X  511 '5,  while  the  third  was  from  X  505  to  X  484'5  (?).  On  adding 
sulphide  of  ammonium  the  solution  became  a  dark  purple  colour,  changing  rapidly  to 
yellowish-red,  which  appeared  a  fine  red  by  gaslight.  A  curious  appearance  was  here 
noted,  showing  that,  this  colouring  matter  is  capable  of  existing  in  two  states  of 
oxidation;  a  dark  purplish  zone  was  noticed  on  the  surface  of  the  liquid  in  contact 
with  the  air,  which  momentarily  disappeared  on  inverting  the  test  tube,  but  at  once 
reappeared  when  left  to  rest.  The  reduced  solution  gave  spectrum  11,  Chart  III. 
The  purple  colour  is  due  to  the  action  of  alkali,  and  the  yellowish-red  to  the  action  of 
the  reducing  agent ;  and  the  change  from  the  alkaline  oxidised  state  to  the  alkaline 
reduced  state,  could  be  brought  about  as  often  as  one  wished.  The  band  of  the 
reduced  alkaline  solution  extended  from  X  623  to  X  572.  The  band  of  the  purple 
solution  (oxidised  state)  is  broader  and  darker  than  the  latter.  This  solution,  after 
being  kept  for  four  months,  preserved  a  blue  colour,  the  H3S  having  gradually  escaped. 

*  They  are  slightly  nearer  violet  than  in  other  cases,  as  can  be  seen  by  comparison  with  former 
spectra. 

t  The  spectrum  of  this  body  is  not  unlike  Kuhne’s  “  rhodophan,”  also  tetronerythrin,  but  it  does  not 
belong  to  one  or  the  other,  as  its  colour-changes  show. 

MDCCCLXXXV.  4  P 
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On  treating  an  alcoholic  solution  with  a  little  nitric  acid  the  band  at  D  disappeared, 
the  solution  changed  to  gamboge-yellow  (gaslight),  and  a  band  from  X535  toX509  was 
seen.  The  abrupt  absorption  of  the  violet  end  of  the  spectrum  was  not  removed  by 
the  acid. 

On  treating  some  alcoholic  solutions  with  caustic  potash  the  colour  became  redder 
(gaslight)  and  the  band  at  D  was  no  longer  seen,  and  in  a  thin  layer  a  band  could  be 
seen  from  about  A.  548 '5  to  X  509,  but  in  a  deeper  layer  it  extended  up  to  X  458'5. 
On  treatment  of  the  latter  solutions  with  ammonium  sulphide  a  faint  bluish  tinge 
appeared  and  quickly  disappeared,  and  now  some  shading  at  D  appeared. 

If  an  alcoholic  solution  be  treated  with  ammonia  alone  a  splendid  purple-blue 
solution  is  obtained,  giving  a  dark  band  from  X  660  up  to  X  516,  and  another  from 
X  498* * * §5  to  X475.  The  first  broad  band  was  strongly  shaded  at  first  on  the  redward 
side,  but  it  eventually  changed  to  that  shown  in  spectrum  12,  Chart  III.  On 
diluting  this  solution  with  more  alcohol  it  became  a  deep  blue,  and  in  the  more  dilute 
solution  a  band  was  seen  from  X  645  to  X  548 '5  with  its  darkest  part  from  X  627  to 
X  582.  On  neutralising  this  solution  with  acetic  acid  it  became  yellow,  and  the 
whole  of  the  blue  and  violet  part  of  the  spectrum  was  now  strongly  absorbed,  and  in 
a  thin  layer  the  same  kind  of  double  band  as  that  of  the  original  alcoholic  solution 
was  seen. 

The  same  colouring  matter  occurs  in  the  tentacles,  as  I  have  proved,  and  they  contain 
no  hsematin-yielding  substance,  this  being  confined  to  the  endodermal  parts  of  the 
body  from  which  I  could  not  extract  any  of  the  above-mentioned  pigments.  I  do  not 
think,  in  the  present  state  of  knowledge  of  the  Cliromatology  of  Actiniae,  that  one  is 
justified  in  calling  this  pigment  by  a  new  name,  but  so  far  as  my  experience  goes  it  is 
peculiar  to  this  species.  In  its  colour-changes  with  acids  it  has  a  very  remote 
resemblance  to  the  purple  pentacrinin  of  Professor  Moseley,'"  also  to  the  colouring 
matter  of  Aplysia, t  but  differs  in  spectrum  and  in  some  colour-changes.  It  has  also 
a  slight  resemblance  in  character  of  spectrum  and  colour-changes  to  the  colouring 
matter  obtainable  from  the  petals  of  some  red  flowers,  e.g.,  scarlet  geranium,  red  rose, 
&c.,  but  the  respective  spectra  are  not  the  same. 

Out  of  Cerianthus  membranaceus,  according  to  Heider,^;  by  means  of  ammoniacaJ 
water,  a  colouring  matter  can  be  extracted  which  Krukenberg§  calls  purpuridin, 
but  he  says  it  gives  no  absorption  bands,  and  as  the  above  pigment  does  give  bands, 
they  cannot  be  the  same. 

I  failed  to  find  any  yellow  cells  in  Sagartia  parasitica;  its  colouring  matter 
appears  to  me  to  be  capable  of  uniting  with  oxygen  and  of  giving  it  up  again,  and  is, 
therefore,  probably  of  respiratory  use. 

*  Loc.  cit. 

t  Professor-  Moseley,  loc.  cit.,  also  myself  in  Proc.  Birm.  Phil.  Soc.,  vol.  iii.,  1883,  p.  392. 

X  Loc.  cit. 

§  “  Vergleichend-physiologische  Studien,”  2te  Reihe,  3te  Abth.,  1882,  p.  72. 
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Sagartia  troglodytes. — The  solid  tissues  of  this  species — at  least  in  the  specimens 
examined  by  me --are  poor  in  colouring  matters.  They  were  mostly  a  pale  flesh 
colour,  or  yellow-white,  or  almost  white,  externally.  Internally  almost  colourless  or 
yellowish-white,  the  tentacles  slightly  green  or  almost  colourless.  A  dirty  brown 
tint  was  sometimes  present  in  the  circumoral  part  (externally),  and  in  the  same  place 
some  greenish  spots,  which  on  microscopic  examination  appeared  to  be  due  to  the 
presence  of  some  foreign  substance,  but  not  “yellow  cells.” 

In  the  solid  ectoderm  a  spectrum  is  detectable  which  is  of  great  interest,  as  it 
indicates  the  presence  of  a  colouring  matter  which  is  related  to  hsemochromogen,  and 
in  some  parts  the  second  band  of  that  pigment  can  be  seen.  In  the  stomach  wall 
of  some  invertebrate  animals,  e.g.,  Uraster  rubens,  Asterias,  &c.,  a  similar  band  or 
bands  can  be  seen.  These  belong  to  a  histo-hcematin,  and  I  have  no  doubt  that  such 
is  present  in  S.  troglodytes.  I  have  only  shown  the  single  band  in  spectrum  13, 
Chart  III.  In  the  interior  portion  a  feeble  band  before  D  is  also  present.  I  could  not 
see  a  band  in  the  tentacles  or  in  the  brown  part  of  the  ectoderm  referred  to. 

Although  the  lining  of  the  body  cavity  was  so  pale,  a  solution  obtained  by  digesting 
it  in  rectified  spirit  and  caustic  potash,  on  the  addition  of  ammonium  sulphide,  gave 
the  bands  of  reduced  hsematin.  Traces  of  the  same  were  found  in  a  similar  solution  of 
the  ectoderm. 

The  tentacles  on  extraction  with  absolute  alcohol  yielded  only  an  almost  colourless 
solution,  showing  no  bands. 

Sagartia  bellis. — Some  were  yellowish  externally,  with  a  greenish  zone  around  the 
mouth  (externally) ;  internally,  brownish  ;  the  tentacles  were  quite  opaque,  and  when 
squeezed  out  between  glasses  brownish  in  colour,  and  under  the  microscope  they  were 
found  packed  with  “  yellow  cells.”  Other  specimens  were  of  a  dirty  yellow,  with 
white  stripes  running  from  the  tentacles  to  the  base,  their  interior  was  orange  and 
the  tentacles  dirty  green ;  round  the  bases  of  the  latter  a  ring  of  greenish-brown 
colouring  matter  was  seen,  and  this  was  also  present  in  the  others.  In  some,  however, 
a  pale  reddish-yellow  zone  encircled  the  Sagartia, 

The  first  specimens  referred  to  on  spectroscopic  examination  gave  in  the  ectoderm 
some  uncertain  shading  in  green,  while  in  a  few  I  saw  a  narrow  band  in  green  like 
that  of  S.  troglodytes,  and  perhaps  a  second  one.  In  the  lining  of  the  body  cavity  no 
distinct  bands  were  seen. 

In  others  the  results  were  the  same.  In  striking  contrast  to  these  results  was  the 
examination  of  the  tentacles,  as  in  every  instance  they  showed  a  banded  spectrum 
reminding  of  chlorophyll.*  This  spectrum  belongs  to  the  mass  of  “yellow  cells” 
which  were  confined  to  the  interior  of  the  tentacles,  and  probably  embedded  in  their 
endodermal  linings.  This  spectrum  is  shown  in  spectrum  1,  Chart  IV.  On  digesting  the 
ectoderm  in  rectified  spirit  and  caustic  potash,  a  pale  yellow  solution  w^as  obtained, 
giving  spectrum  2,  Chart  IV.  On  treatment  with  sulphide  of  ammonium  no  reduced 

*  Or  rather  cldorofucin. 
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hsematin  bands  appeared.  The  solution  evidently  contained  a  trace  of  the  pigments 
belonging  to  the  yellow  cells  which  are  present  in  the  ectoderm.  A.  similar  solution 
of  the  interior  parts  was  faintly  greenish-yellow,  and  its  spectrum  was  the  same  as 
that  of  the  last  solution  ;  it  contained  no  haematin ;  the  band  in  red  was  rather 
doubtful. 

The  examination  of  solutions  of  the  tentacles,  however,  furnished  more  interesting 
results. 

An  absolute  alcohol  solution  of  tentacles  after  filtering  was  deep  yellow  in  colour, 
with  a  tinge  of  green,  and  had  a  red  fluorescence ;  a  deep  layer,  showed  spectrum  3, 
Chart  IV.,  while  in  a  thinner  layer  two  other  bands  -were  present.  The  whole  series 
of  bands  read  as  follows  : — 1st,  X  67 5  to  X  660  ;  2nd,  X  642*5  to  X  629  ;  3rd,  X  593 
to  X  577 '5  ;  4th,  X  505  to  X  481  ;  and  5th  (about)  X  458*5  to  X  445.  On  adding  a  drop 
of  nitric  acid  the  colour  did  not  appear  much  changed,  but  the  bands  were  changed, 
as  shown  in  spectrum  4,  Chart  IV.,  and  the  first  two  bands  read  from  X  669  to  X  649 
and  X  613  to  X  593  (?). 

Although  very  little,  if  any,  effect  was  produced  by  ammonia,  the  spectrum  was 
completely  altered  by  caustic  potash. 

The  result  of  treatment  with  this  reagent  is  shown  in  spectrum  5,  Chart  IV.,  and  the 
wave  lengths  of  these  bands  are  as  follows  : — The  shading  on  the  red  side  came  up  to 
X  636,  next  band  X  613  to  X  589,  next  X  574  to  X  553,  and  a  shading  from  X  532  to 
X  513,  and  another  X  496*5  to  X  473*5  (?).  This  reaction  distinguishes  the  colouring 
matter  of  the  “  yellow  cells”  from  enter ochlorophyll,  other  animal  chlorophylls  and 
plant  chlorophyll,  and  teaches  that  it  is  quite  useless  to  saponify  this  pigment,  for  if 
decomposed  by  caustic  alkali  in  the  cold  it  would  become  further  decomposed  by  boiling 
with  it.  (The  change  is  the  same  as  in  Bunodes  ballii  and  Anthea  cereus.) 

By  the  tests  adopted  in  other  cases  the  yellow  cells  were  found  to  have  a  cellulose 
wall  and  to  contain  starch,  but  they  had  to  be  treated  with  a  weak  solution  of  caustic 
potash,  then  a  little  acetic  acid,  before  the  reactions  with  iodine  in  iodide  of  potassium 
and  “  Schulze’s  fluid”  could  be  distinctly  seen. 

The  small  amount  of  other  pigments  present  is  very  noticeable,  especially  wrhen  we 
compare  these  results  with  those  obtained  in  the  case  of  Bunodes  ballii  and  Anthea 
cereus.  It  would  appear  that  the  presence  of  the  “  yellow  cells”  has  something  to  do 
with  the  absence  or  suppression  of  respiratory  pigments. 

Anthea  cereus. — In  some  specimens  the  ectoderm  was  a  pale  red,  also  the  base,  and 
the  tentacles  a  pale  green,  tipped  with  violet.  In  the  violet  apices  of  the  tentacles 
actiniochrome  was  detected  (see  spectrum  6,  Chart  IV.).  The  rest  of  the  tentacles  gave 
a  spectrum  resembling  that  of  chlorophyll,*  and  those  of  the  tentacles  of  Bunodes  ballii 
and  Sagartia  bellis,  spectrum  8,  Chart  IV.  If  the  contents  of  a  tentacle  be  squeezed 
out,  an  entirely  different  spectrum  is  obtained  from  the  empty  tentacle,  spectrum  7, 
Chart  IV.  It  is  probably  the  pigment  to  which  these  bands  belong  that  is  found  in 

*  Chlorofucin. 
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glycerin  extracts  of  some  tentacles  to  be  referred  to  farther  on.  The  base  in  some 
specimens  had  a  pale  reddish  colour  which  showed  a  faint  band  like  that  of  actinio- 
haematin.  The  “  yellow  cells  ”  of  Anthea  are  not  confined  to  the  tentacles,  for  they 
could  be  detected  in  several  places  in  the  ectoderm  by  the  aid  of  the  microscope,  and 
they  seemed  disposed  in  rows.  They  were  also  found  in  the  lining  of  the  body  cavity. 
In  other  specimens  examined  the  ectoderm  was  brownish,  with  lighter-coloured 
stripes  running  from  above  downwards,  the  base  tinged  orange-red,  and  the  tentacles 
bluish-white,  without  any  violet  coloration.  In  both  tentacles  and  ectoderm  there 
was  a  great  abundance  of  “  yellow  cells.”  On  extracting  the  tentacles  with  absolute 
alcohol,  and  filtering,  an  orange  coloured  solution  having  a  red  fluorescence  was 
obtained,  which  showed  spectrum  9,  Chart  IV.,  the  bands  of  which  read  :  1st,  from 
X  675  to  X  657  ;  2nd,  from  X  645  to  X  629  ;  3rd,  X  595  to  X  579.  On  adding  nitric  acid 
in  small  quantity  a  violet  and  a  blue  ring  formed  in  contact  with  the  acid,  and  on  mixing 
acid  and  solution  a  decided  change  took  place,  the  solution  giving  spectrum  10, 
Chart  IV.,  and  then  acquired  a  pale  yellow  colour.  On  adding  a  little  more  nitric 
acid  a  curious  change  ensued,  as  spectrum  11,  Chart  IV.,  now  appeared.  After  some 
time  the  band  in  red  could  not  be  seen  :  this  reaction  distinguishes  the  present 
colouring  matter  from  enterochlorophyll,  other  animal  chlorophylls,  and  plant  chloro¬ 
phyll,  but  a  more  striking  difference  is  apparent  when  this  alcoholic  solution  is  treated 
with  caustic  soda, On  treatment  with  this  reagent  the  fluid  assumed  a  redder  colour 
(gaslight),  and  the  spectrum  changed  to  that  shown  in  spectrum  12,  Chart  IV.  ; 
these  bands  gave  the  following  wave-lengths:  1st,  X  609  to  X  589;  2nd,  X  569  to  X  554*5, 
and  also  a  shading  between  green  and  blue  which  were  too  faint  to  be  measured. 

On  digesting  some  of  the  reddish  parts  of  Anthea  cereus  in  rectified  spirit  and  caustic 
potash,  a  greenish  solution  was  obtained  which  had  a  red  fluorescence,  this  solution 
gave  spectrum  13,  Chart  IV.,  the  more  prominent  bands  of  which  read  :  X  649  to  X  633*5, 
and  X  607  to  X  587.  And  there  was  also  a  band  between  green  and  blue  visible  in  a 
thin  layer  from  X  498*5  to  X  477.  With  ammonium  sulphide  alone  a  change  was 
brought  about  in  an  alcoholic  solution  as  shown  in  Chart  IV.,  spectrum  14. 

The  “yellow  cells,”  on  treatment  with  Schulze’s  fluid,  gave  a  distinct  cellulose 
reaction,  and  in  their  interior  the  presence  of  starch  was  detected  with  iodine  in 
iodide  of  potassium,  but,  as  in  former  cases,  the  best  results  were  obtained  by 
previously  extracting  the  tentacles  with  alcohol,  and  then  macerating  them  in  a  weak 
solution  of  caustic  potash,  and  neutralising  with  acetic  acid.  In  young  specimens  of 
Anthea  cereus  I  found  much  fewer  cells  than  in  the  larger  ones,  and  in  these  the  starch 
and  cellulose  reactions  could  be  more  easily  obtained. 

Since  caustic  potash  and  caustic  soda  change  this  colouring  matter  completely,  it  is 
useless  to  attempt  to  saponify  it,  and  this  very  fact  distinguishes,  as  I  said  before, 
the  colouring  matter  of  the  “  yellow  cells”  from  enterochlorophyll,  other  animal  chloro- 

*  Keukenberg  noticed  this  change  with  caustic  soda,  loc.  cit.,  but  failed  in  seeing  that  this  test 
distinguished  the  pigment  from  what  he  called  hepatochro mates  (=  enterochlorophyll). 
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phylls,  and  plant  chlorophyll.  I  cannot,  on  these  grounds,  agree  with  Krukenberg* 
that  it  resembles  the  hepatochromates,  which  is  his  name  for  the  pigment  named  by 
me  enterochlorophyll,t  nor  does  he  by  any  means  succeed  in  proving  that  it  is  a 
purely  animal  pigment. 

The  other  violet  pigment  referred  to  by  Krukenberg  is  probably  the  aotinio- 
chrome  of  Professor  Moseley.  In  some  specimens  the  apices  of  the  tentacles  are 
tinged  of  a  violet  colour,  which  showed  the  actiniochrome  spectrum  well  marked, 
spectrum  6,  Chart  IV.  The  glycerin  extract  of  the  tentacles  of  some  specimens  of 
Anthea  cereus,  after  some  days’  extraction,  gives  a  solution  which,  although  only 
yehowish-red,  possesses  a  magnificent  emerald-green  fluorescence.  I  have  no  doubt 
that  this  is  the  pigment  whose  bands  are  seen  in  the  almost  colourless  tentacle  after 
removal  of  the  yellow  cells,  as  it  gives  a  band  in  blue  and  in  the  violet,  spectrum  15, 
Chart  IV.,  besides  the  first.  They  read  :  1st,  A  582  to  A  560  ;  2nd,  A  52CP5  to  A  506  ; 
3rd,  A  494 -5  to  A  475.  The  first  band  probably  belongs  to  a  trace  of  actiniohsematin. 
That  this  fluorescent  pigment  was  not  a  so-called  “  lipochrome  ”  is  shown  by  the  fact 
that,  on  adding  caustic  soda,  one  of  the  bands  near  the  violet  end  disappeared,  while 
with  acetic  acid  the  second  and  third  bands  appeared  merged  into  one. 

Summary  and  Remarks. 

The  above  observations  show  that  a  respiratory  colouring  matter  is  present  in 
Actinia  mesembryanthemum ,  Bunodes  crassicornis,  and  other  Actiniae.  That  it  must 
be  respiratory  is  shown  by  the  fact  that  one  of  its  decomposition  products  is  capable 
of  existing  in  a  state  of  oxidation  and  reduction.  That  it  is  closely  related  to  haemo¬ 
globin  is  shown  by  the  results  attending  my  attempts  to  convert  it  into  haemochromogen 
and  hsematoporphyrin,  as  the  pigments  corresponding  to  these,  obtained  from  the 
above  Actiniae,  are  un distinguishable  from  those  obtained  from  haemoglobin. 

The  occurrence  of  biliverdin  in  such  lowly-organised  animals  is  of  great  interest ;  it 
may  probably  be  looked  upon  as  excretory,  and,  as  I  said  above,  a  part  of  it  seems  to 
be  present  in  the  state  of  a  chromogen,  as  proved  by  the  action  of  acids  upon  it. 

The  discovery  of  biliverdin  in  the  shells  of  certain  mollusks  by  Krukenberg  J 
acquires  an  additional  interest  from  these  observations  ;  but  it  is  premature  to  conclude, 
as  Krukenberg  does,  that  here  it  is  independent  of  the  presence  of  hemoglobin, 
because  it  is  possible  that  the  pharyngeal  muscles  of  the  animals  in  which  he  found 
biliverdin  may  contain  hemoglobin  as  Professor  Lankester  has  shown  to  be  the  case  in 
other  mollusks  ;  or  their  tissues  may  contain  the  colouring  matters  which  I  find  widely 

*  Loc.  cit.  Krukenberg  did  not  show  that  entero chlorophyll  and  plant  chlorophyll  give  the  same 
spectrum ;  he  figures  spectra  of  liver-extracts,  but  in  no  case  is  the  fully-developed  spectrum  shown. 
The  position  of  the  Fraunhofer  lines  in  most  of  his  spectra  is  not  quite  correct. 

t  Proc.  Roy.  Soc.,  No.  226,  1883 

X  “  Zur  Kenntniss  der  Genese  der  Gallenfarhsloffe  und  der  Melanine.”  Sep.  Abdr.  a.  d.  Centralblatt 
fiir  die. med.  Wiss.,  1883,  No.  44. 
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distributed  in  the  animal  kingdom,  and  which  I  have  called  histohcematins  or  tissue 
hsematins,  so  that  the  biliverdin  may  in  that  case  also  be  looked  upon  as  excretory, 
and  at  the  same  time  useful  for  decorative  purposes. 

A  similar  instance  of  a  used-up  pigment  being  got  rid  of  in  the  integument  is  the 
occurrence  of  haematoporphyrin  in  the  integument  of  starfishes  and  slugs,  as  I  have 
proved. #  This  colouring  matter  can  be  extracted  by  digesting  the  integument  in 
the  cold  for  some  hours  in  alcohol  acididated  with  sulphuric  acid,  and  it  can  be  easily 
shown  that  it  is  present  in  the  state  of  haematoporphyrin  as  such.  The  presence 
again  of  enterohaematin  in  the  “  bile  ”  of  pulmonate  mollusks,  in  that  of  the  crayfish, 
and  in  that  of  Patella  vulgaris,  as  I  have  lately  found,  and  of  histohaematins  in 
various  parts  of  their  bodies,  is  a  parallel  instance  of  the  presence  of  an  immature 
respiratory  pigment  or  pigments  taking  the  place  of  the  haematin-yielding  pigment  in 
the  Actiniae.  The  latter  cannot,  however,  be  looked  upon  as  a  colouring  matter 
intended  to  carry  oxygen,  but  rather  to  Iceep  it  in  combination  until  it  is  wanted  by 
the  cells  for  purposes  of  metabolism.  As  it  is  distributed  all  over  the  surface  of  some 
Actiniae,  the  whole  body  of  such  an  animal  may,  in  a  physiological  as  well  as  in  a 
morphological  sense,  be  considered  comparable  to  a  single  organ  of  a  higher  animal,  so 
far,  at  least,  as  internal  t  respiration  is  concerned. 

In  Sagartia  parasitica  the  haematin-yielding  pigment  is  replaced  by  a  special  one,| 
as  already  referred  to,  and  in  every  species  of  Actiniae,  even  in  those  almost  destitute 
of  colour,  the  presence  of  respiratory  pigments  has  been  detected. 

In  Anthea  cereus,  Sagartia  bellis,  and  Bunodes  ballii  the  same  colouring  matter  is 
present  not  only  in  the  tentacles  but  in  other  parts,  and  from  the  observations 
recorded  in  this  paper,  it  is  quite  clear  that  all  the  chlorophylloid  colouring  matter  in 
these  three  species  is  entirely  due  to  the  presence  of  “  yellow  cells.”  It  is  not  within 
the  scope  of  this  paper  to  enter  on  a  discussion  of  the  nature  of  these  “  yellow  cells,” 
it  will  be  sufficient  to  call  attention  to  the  facts  that  whenever  present  they  have  been 
found  to  possess  a  cellulose  wall  and  to  contain  starch.  This  is  in  favour  of  the  view 
held  by  Geddes,§  Brandt,  the  Hertwigs,  and  others,  that  they  are  of  a  vegetable 
nature,  and  are  symbiotic  algse.  Another  point  in  favour  of  this  view  is  the  behaviour 
of  their  solutions  with  caustic  potash  and  soda,  which,  as  I  have  already  stated,  dis¬ 
tinguishes  them  from  animal  chlorophyll  and  ordinary  chlorophyll  (of  green  land 
plants).  The  colouring  matter  itself,  as  Dr.  Sorby  and  Professor  Lankester  ||  show 

*  Proc.  Birm.  Philos.  Soc.,  vol.  iii.,  pp.  378  et  seq.  Another  very  suggestive  connexion  between 
biliverdin  and  hiematoporphyrin  is  furnished  by  the  fact  discovered  by  Sorby,  namely,  that  these  pigments 
occur  in  birds’  eggs.  I  have  also  found  hasmatoporphyrin  in  the  integument  of  the  earth-worm. 

f  I.e.,  tissue  respiration.  t  In  the  ectoderm,  see  above. 

§  See  ‘Nature,’  January,  1882,  for  Geddes’s  paper  and  the  subsequent  letters  of  Professors  Moseley 
and  E.  P.  Wright  as  to  Brandt’s  priority,  also  P.  Geddes’s  reply. 

||  See  list  of  chlorophyll  containing  animals  drawn  up  by  Professor  Lankester,  for  2nd  English  edition 
of  Sachs’s  ‘  Botany  ;’  also  his  paper  “  On  Chlorophyll  Corpuscles  and  Amyloid  Deposits  of  Spongilla  and 
Hydra,”  Quart.  Journ.  Micro.  Soc.,  vol.  xxii.,  p.  229,  &c, ;  also  note  to  page  650,  supra. 
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(in  the  case  of  Anthect  cereus),  is  probably  identical  with  chlorofucin.  To  see  if  this 
is  the  case  I  have  figured  the  spectrum  of  chlorofucin  in  the  natural  condition  in 
Fucus  serratu-s  and  in  alcoholic  solution,  and  on  comparison  of  these  spectra  with 
those  of  the  above-mentioned  Actiniae  a  remarkable  likeness  is  apparent.  (See 
spectra  8  and  9,  Chart  II.) 

As  I  have  already  shown,  the  conclusion  of  Krukenberg  that  the  colouring 
matter  of  the  yellow  cells  of  Anthea  cereus  is  identical  with  that  of  the  hepato- 
chromates  (=  enterochlorophyll)  is  not  borne  out  by  this  fact ;  viz.,  that  in  the 
case  of  enterochlorophyll  no  such  change  is  produced  by  caustic  alkalies  as  is  produced 
in  solutions  of  the  colouring  matter  of  the  “yellow  cells”  with  these  reagents. 

Another  very  remarkable  fact  noticed  should  go  to  support  the  view  of  the  “  yellow 
cells  ”  being  symbiotic  algae,  namely,  that  they  appear  to  cause  a  suppression  of  those 
pigments  which  in  other  Actiniae  appear  to  discharge  a  respiratory  function.  In  most, 
if  not  in  all  cases,  this  fact  impressed  itself  strongly  on  my  attention,  and  I  believe 
the  observation  is  correct.  At  the  same  time  we  must  remember  that  the  “  yellow 
cells  ” — if  they  are  symbiotic  algae — only  give  oxygen  up  to  the  tissues  of  the  animal, 
which  would  still  require  to  be  fixed  in  the  tissues  by  a  combination  with  something 
else,  such  as  actiniohaematin  or  other  pigments  ;  so  that  too  much  importance  ought 
not  to  be  attached  to  the  apparent  absence  or  presence  of  such  pigments  in  the 
ectoderm,  endoderm,  or  other  parts.  Their  absence  too  ought  not  to  be  concluded 
from  the  mere  fact  that  they  cannot  he  detected  in  certain  solutions  of  these 
parts,  as  there  is  no  doubt  that  they  cannot  always  be  got  into  such  solutions  even 
when  present. 

Besides  these  pigments  of  a  direct  respiratory  use,  there  are  others  which  appear  to 
be  of  use  for  decorative  purposes,  and  to  this  class  Professor  Moseley’s  actiniochrome 
belongs.  I  always  found  (with  one  or  two  doubtful  exceptions)  that  this  is  a  pigment 
confined  to  the  tentacles,  and,  as  ah’ead}^  stated,  it  cannot  be  changed  into  anything 
capable  of  being  oxidised  and  reduced  ;  but  whether  it  is  intended  for  a  protective 
purpose  or  as  a  means  of  attracting  prey,  further  research  may  decide. 

Another  kind  of  pigment  is  time  found  in  the  “  eye-spot  ”  of  Actinia  mesembryan- 
themum  (spectrum  9,  Chart  I.).  It  is  a  noteworthy  fact  that  in  the  eye  of  Musca 
domestica  f  a  red  colouring  matter  occurs  which  gives  a  band  covering  D.  It  is  also 
found  in  other  insects’  eyes.  Possibly,  the  band  in  Actinia  mesembryanthemum  denotes 
that  the  pigment  is  capable  of  absorbing  certain  rays  of  light,  so  as  to  enable  the  animal 
to  distinguish  light  from  darkness.  The  presence  of  other  light-absorbing  pigments, 
and  their  possible  use  in  some  obscure  plioto-chemical  processes  in  the  bodies  of 
Actiniae,  ought  not  to  be  overlooked. 

The  preceding  observations  have  brought  to  light  the  following  facts  among  others  : — 

(1.)  That  Actinia,  mesembryanthemum  contains  a  colouring  matter  which  can  be 

*  Loc.  cit. 

t  Cf.  Krukenberg,  loc.  cit.,  he  did  not  notice  the  hand  referred  to. 
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changed  into  hsemochromogen  and  heematoporphyrin,  and  that  it  is  present  in  other 
Actiniae.  It  is  named  actiniohcematin. 

(2.)  It  is  not  actiniochrome,  which  is  a  colonring  matter  found  widely  distributed  in 
Actiniae,  which  is  not  changeable  into  other  pigments  capable  of  oxidation  and  reduction, 
and  is  mostly  confined  to  the  tentacles. 

(3.)  A  special  colouring  matter  not  identical  with  either  is  found  in  Sagartia 
parasitica,  which  is  capable  of  existing  in  the  oxidised  and  reduced  state. 

(4.)  In  the  mesoderm  of  Actinia  mesembryanthemum,  in  other  parts  of  the  same 
Actinia,  and  in  other  Actiniae  a  green  pigment  occurs  which  gives  all  the  reactions  of 
biliverclin. 

(5.)  Anthea  cereus  (as  already  known),  Bunocles  ballii,  and  Sagartia  bellis  yield  to 
solvents  a  colouring  matter  resembling  chloroihcin,  and  all  the  colouring  matter  which 
shows  this  spectrum  is  derived  from  the  “  yellow  cells  ”  which  are  abundantly  present 
in  their  tentacles  and  elsewhere.  By  its  behaviour  with  reagents  this  pigment  can 
be  shown  to  be  quite  different  from  enterochlorophyll,  plant  chlorophyll,  and  the 
chlorophyll  of  Spongilla,  or  other  animal  chlorophyll. 

(6.)  When  “yellow  cells”  are  present  there  is  probably  a  suppression  of  those 
colouring  matters,  which  in  other  Actiniae  appear  to  be  of  respiratory  use. 

(7.)  Other  colouring  matters  which  give  bands  in  the  blue  and  violet,  and  spectro¬ 
scopically  resemble  lutein,  are  found  especially  in  the  tentacles,  but  they  are  not 
generally  soluble  in  those  solvents  which  dissolve  the  luteins. 

(8.)  Pigments  whose  nature  is  yet  uncertain  are  also  met  with,  which  have  been 
described  in  this  paper. 


Explanation  of  the  Spectrum  Charts. 


CHART  I.  Plate  G9. 


Sp.  1.  Spectrum  of  the  ectoderm  of  a  brownish-red  Actinia  mesembryanthemum, 

Sp.  2.  Spectrum  of  a  red  Actinia  mesembryanthemum  (ectoderm). 

Sp.  3.  Spectrum  of  a  reddish-brown  Actinia  mesembryanthemum  (ectoderm). 

Sp.  4.  Spectrum  of  a  red  Actinia  mesembryanthemum  (ectoderm). 

Sp.  5.  Spectrum  of  a  brown  Actinia  mesembryanthemum  (ectoderm). 

Sp.  6.  Spectrum  of  a  brown  Actinia  mesembryanthemum  (ectoderm). 

Sp.  7.  Spectrum  of  a  brownish-red  Actinia  mesembryanthemum  (ectoderm). 

Sp.  8.  Spectrum  of  a  reddish-brown  Actinia  mesembryanthemum  (ectoderm). 

Sp.  9.  Blue  “  eve-spot  ”  of  Actinia  mesembryanthemum. 

Sp.  10.  Spectrum  like  that  of  alkaline  hsematin,  from  a  rectified  spirit  and  caustic 
potash  extract  of  the  ectoderm  of  Actinia  mesembryanthemum. 
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Sp.  11.  The  same  with  ammonium  sulphide  (hsemochromogen). 

Sp.  12.  Spectrum  of  acid  hsematoporpbyrin  from  a  solution  obtained  as  described, 
from  Actinia  mesembryanthemum. 

Sp.  13.  Spectrum  of  alkaline  hsematoporphyrin,  from  the  same. 

Sp.  14.  Biliverdin  in  alcohol  solution  from  the  mesoderm  of  Actinia  mesembryan- 
themum. 

Sp.  15.  The  same  solution  with  nitric  acid,  early  stage  of  reaction. 

Sp.  16.  Spectrum  of  Actiniochrome  and  another  pigment,  from  tentacles  of  Bunodes 
crassicornis,  &c. 

Sp.  17.  Glycerin  extract  of  the  ectoderm  of  Actinia  mesembryanthemum. 

Sp.  18.  The  same  after  treatment  with  caustic  soda  or  caustic  potash  and  afterwards 
ammonium  sulphide  (hsemochromogen). 

CHART  II.  Plate  69. 

Sp.  1.  Yellowish-red  tentacles  of  Bunodes  crassicornis. 

Sp.  2.  Red  ectoderm  of  Bunodes  crassicornis,  showing  the  spectrum  of  the  lnematin- 
yielding  pigment. 

Sp.  3.  Rectified  spirit  and  caustic  potash  solution  of  the  same. 

Sp.  4.  The  same  ou  addition  of  ammonium  sulphide  (hminochromogen). 

Sp.  5.  Glycerin  extract  of  tentacles  of  Bunodes  crassicornis,  showing  spectrum 
of  actiniochrome. 

Sp.  6.  Solid  ectoderm  of  Bunodes  crassicornis  after  digestion  in  rectified  spirit  and 
caustic  potash. 

Sp.  7.  Glycerin  extract  of  the  tentacles  of  some  specimens  of  Bunodes  crassicornis, 
showing  spectrum  of  actiniochrome  and  another  pigment. 

Sp.  8.  Spectrum  of  Fucus  serratus  in  solid  state. 

Sp.  9.  Alcohol  solution  of  the  colouring  matter  of  same,  showing  chlorofucin  hands 
for  comparison  with  those  of  the  pigment  of  “yellow  cells.” 

Sp.  10.  Spectrum  of  “yellow  cells,”  in  situ,  in  tentacles  of  Bunodes  ballii.  Cf.  8. 

Sp.  11.  Ectoderm  of  Bunodes  ballii,  showing  presence  of  a  trace  of  the  laemat in- 
yielding  pigment. 

Sp.  12.  Absolute  alcohol  extract  of  tentacles  of  Bunodes  ballii.  Cf  9. 

Sp.  13.  The  same  with  nitric  acid. 

Sp.  14.  Absolute  alcohol  extract  of  ectoderm  of  Bunodes  ballii. 

Sp.  15.  Absolute  alcohol  extract  of  tentacles  of  Bunodes  ballii,  with  caustic  potash. 

Sp.  16.  Rectified  spirit  and  caustic  potash  extract  of  the  ectoderm  of  Bunodes  ballii, 
showing  that  the  spectrum  of  the  pigment  of  the  “  yellow  cells  ”  is  changed 
by  KHO. 

Sp.  1 7.  Tentacles  of  small  variety  of  Bunodes  ballii,  showing  actiniochrome. 

Sp.  18.  Ectoderm  of  the  same. 
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CHART  III.  Plate  70. 

Sp.  1.  Spectrum  of  endoderm  (of  body  cavity)  of  a  small  Bunodes  ballii. 

Sp.  2.  Ectoderm  of  small  orange  Sagartia  dianthus. 

Sp.  3.  Rectified  spirit  and  caustic  potash  extract  of  ectoderm  of  a  brown  Sagartia 
dianthus  (trace  of  hsemochromogen  ?). 

Sp.  4.  Rectified  spirit  and  caustic  potash  extract  of  ectoderm  of  Sagartia  viduata. 
Sp.  5.  Endodermal  parts  of  Sagartia  parasitica  in  rectified  spirit  and  caustic  potash 
after  addition  of  ammonium  sulphide. 

Sp.  6.  Rectified  spirit  and  caustic  potash  extract  of  ectoderm  of  Sagartia  parasitica. 
Sp.  7.  Thinner  layer  of  the  same. 

Sp.  8.  The  same  solution  with  ammonium  sulphide. 

Sp.  9.  Absolute  alcohol  extract  of  ectoderm  of  Sagartia  parasitica. 

Sp.  10.  Thinner  layer  of  same. 

Sp.  11.  The  same  with  sulphide  of  ammonium. 

Sp.  12.  Alcoholic  solution  of  this  colouring  matter  with  ammonia. 

Sp.  13.  Spectrum  obtained  from  ectoderm  of  Sagartia  troglodytes. 

In  other  parts  a  second  band  nearer  violet  is  seen. 

CHART  IV.  Plate  70. 

Sp.  1.  Spectrum  due  to  “  yellow  cells  ”  in  tentacles  of  Sagartia  bellis.  Cf.  Chart  II., 
spectra  8  and  10,  and  also  8,  infra. 

Sp.  2.  Rectified  spirit  and  caustic  potash  extract  of  ectoderm  of  same. 

Sp.  3.  Absolute  alcohol  solution  of  the  tentacles  of  same.  Cf.  spectra  9  and  12, 
also  9,  infra. 

Sp.  4.  The  same  with  nitric  acid,  early  stage  of  reaction. 

Sp.  5.  Change  of  spectrum  of  an  alcoholic  solution  of  tentacles  with  caustic  potash. 
Sp.  6.  Actiniochrome  in  the  tentacles  of  Anthea  cereus. 

Sp.  7.  An  empty  tentacle  of  Anthea  cereus  ( i.e .,  free  from  yellow  cells). 

Sp.  8.  A  tentacle  full  of  “  yellow  cells.”  Cf.  1,  supra,  &c. 

Sp.  9.  Absolute  alcohol  extract  of  tenta.cles  of  Anthea  cereus. 

Sp.  10.  The  same  with  nitric  acid,  early  stage  of  reaction. 

Sp.  11.  The  same  with  nitric  acid,  later  stage  of  reaction. 

Sp.  12.  An  alcoholic  solution  of  the  tentacles  of  Anthea  cereus  with  caustic  soda. 

Cf.  also  spectrum  5,  supra,  also  Chart  II.,  15. 

Sp.  13.  Rectified  spirit  and  caustic  potash  extract  of  ectoderm,  &c. 

Sp.  14.  An  alcoholic  solution  of  the  same  pigment  with  ammonium  sulphide. 

Sp.  15.  Glycerin  extract  of  the  tentacles  of  a  specimen  of  Anthea  cereus ;  it  showed 
a  splendid  green  fluorescence,  but  this  pigment  does  not  occur  in  every 
.specimen  of  Anthea  cereus. 
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[Plates  71-73.] 

Part  I. — The  Vegetative  Organs. 

Within  the  last  twelve  months  the  interest  of  Botanists  has  been  centred  afresh  in 
the  investigation  of  the  Lycopodince.  It  is  sufficient  to  refer  to  the  recent  writings  of 
Bruchmann,"  Treub,!  and  Solms-Laubach,];  to  indicate  how  actively  the  investi¬ 
gation  of  these  plants  is  being  pursued.  It  had  long  been  the  wish  of  the  author  of 
this  paper  to  obtain  material  for  the  careful  investigation  of  the  less  known  members 
of  the  Lycopodince ,  and  especially  of  Phylloglossum;  the  authorities  of  the  Boyal 
Gardens  at  Kew’  made  this  known  to  Baron  Ferdinand  von  Mueller,  and  from 
him  there  were  received  during  the  latter  half  of  1884  two  consignments  of  living 
tubers  of  Phylloglossum  Drummondii,  as  well  as  a  supply  of  mature  plants  preserved 
in  alcohol.  The  tubers  germinated  successfully,  in  the  propagating  pits  at  Kew,  and 
the  material  was  thus  at  hand  for  the  investigation  of  the  development  and  histology 
of  this  little  known  plant.  As  circumstances  will  for  the  present  prevent  the  author 
from  continuing  his  work,  and  as  the  Lycopodince  are  now  one  of  the  focal  points  of 
botanical  interest,  it  appears  desirable  that  the  chief  facts  thus  far  acquired  should  at 
once  be  published,  while  a  discussion  of  these  results,  and  their  bearing  upon  recent 
observations  of  other  forms,  may  for  the  present  be  postponed.  The  structure  and 
development  of  the  sporophore  generation  only  will  be  described  at  present.  Many 
of  the  plants  now  growing  at  Kew  already  bear  immature  sporangia,  but  the 
description  of  their  development  will  be  deferred  till  the  sporangia  have  arrived  at 
maturity,  and  until  attempts  have  been  made  to  germinate  the  spores  :  the  general 
treatment  of  the  subject  will  be  better  in  place  when  it  is  seen  what  results,  if  any, 
are  acquired  from  those  cultures  of  the  spores.  For  similar  reasons  it  would  be  both 
inconvenient  and  inopportune  now  to  review  the  writings  already  published  by  various 

*  ‘  Botanisches  Centralblatt.’ 

t  “  Etudes  sur  les  Lycopodiacees.”  ‘Ann.  du  jardin  botanique  de  Buitenzorg,’  vol.  iv.,  p.  107. 

+  “  Der  Aufbau  des  Stockes  von  Psilotum  Triquetrum.”  ‘Ann.  du  jard.  Buitenzorg,’  vol.  iv.,  p.  130. 
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authors  on  Phylloglossum.  This  memoir  will  therefore  deal  merely  with  the  observa¬ 
tions  recently  made  by  the  author  ;  in  some  points  it  will  be  seen  that  they  confirm 
the  observations  of  previous  writers,  in  others  they  are  not  in  accord  with  them  : 
they  will  be  placed  in  relation  with  those  of  other  authors  wThen  the  investigations, 
which  are  still  in  progress,  have  been  as  far  as  possible  completed. 

Structure  of  the  Tuber  during  the  resting  stage. 

The  tubers  as  sent  over  from  South  Australia  were  in  the  mature  condition,  and 
undergoing  a  period  of  rest.  The  upper  parts  of  the  plants  which  produced  them  had 
already  died  off.  In  no  case  was  there  evidence  of  more  than  one  tuber  being- 
produced  by  one  parent  plant. 

In  this  condition  the  structure  of  the  tuber  is  as  follows  :  it  consists  of  an  ovoid 
solid  mass  of  tissue,  connected  at  its  upper  end  with  the  stalk  by  which  it  was 
attached  to  the  parent  plant.  This  stalk  widens  out  near  the  apical  end  of  the  tuber 
(i.e.,  that  nearer  the  parent  plant),  and  is  there  hollowed,  covering  in  the  broad 
organic  apex  of  the  tuber,  which  thus  has  the  appearance  of  being  of  endogenous 
origin.  A  transverse  section  of  the  stalk  which  bears  the  tuber  shows  a  nearly 
circular  outline.  The  chief  bulk  of  the  tissue  consists  of  thin  walled  parenchyma, 
with  intercellular  spaces  :  in  this  may  be  recognised  a  point  where  the  cells  are  of 
smaller  size,  and  for  the  most  part  without  intercellular  spaces  (fig.  1,  c)  :  in  many 
cases  a  transverse  section  will  show  a  cavity  between  these  cells  (c,  fig.  2),  and  this  is 
especially  marked  in  sections  taken  near  the  tuber,  or  near  the  attachment  of  the 
stalk  to  the  parent  plant.  At  the  point  in  question  lies  the  original  channel  of  com¬ 
munication  of  the  apex  of  the  tuber  with  the  outer  air ;  as  will  shortly  be  seen  the 
apex  of  the  tuber  is  of  exogenous  origin,  but  the  channel  of  communication  becomes 
closed  during  development.  Further,  a  vascular  strand  of  small  size  may  be  seen  cut 
through  in  the  transverse  section  (xy,  fig.  1);  it  consists  of  a  few  elements  with 
lignified  walls,  which  are,  as  shown  by  longitudinal  sections,  spirally  or  reticulately 
thickened.  At  the  periphery  is  a  layer  of  epidermis,  with  peculiarly  thickened  walls : 
it  is  continuous  with  a  similarly  developed  layer  covering  the  tuber  externally  (see 
below).  Passing  downwards  to  the  tuber  itself,  the  stalk  widens  out,  and  becomes 
hollowed ;  the  vascular  strand  spreads  laterally,  so  as  to  assume  a  funnel-like  form, 
covering  the  apex  of  the  tuber ;  but  it  stops  short  about  the  level  of  the  apical  cone, 
and  is  not  continuous  into  the  fleshy  tissue  of  the  tuber. 

The  mature  tuber  itself  consists  of  a  central  bulky  mass  of  thin  walled  parenchyma, 
which  is  entirely  undifferentiated  :  there  are  intercellular  spaces.  The  cells  are  filled 
with  store  materials,  viz,,  protoplasm,  starch  and  oil.  Towards  the  periphery  of  the 
tuber  the  cells  have  little  or  no  contents,  and  the  last  two  or  three  layers  below  the 
epidermis  thus  form  a  more  transparent  band,  the  elements  being  often  squeezed  out 
of  shape.  The  superficial  layer  is  developed  as  a  clearly  defined  epidermis  (figs.  3,  4); 
the  cells  themselves  are  of  oblong  form,  their  radial  walls  are  strongly  thickened  and 
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stratified,  and  are  also  pitted ;  irregular  pits  are  found  in  the  outer  part  of  them, 
which  has  accordingly  a  reticulate  appearance  when  seen  in  surface  view  ;  clearly 
marked  pits  are  also  found  occasionally  near  the  internal  limit  of  the  radial  walls 
(fig.  4).  These  thickened  walls  give  a  mauve  colour  with  Schulze’s  solution,  and  are 
not  stained  by  an  acid  solution  of  aniline  sulphate  :  it  is  thus  shown  that  they  are 
not  lignified.  Some  superficial  cells  grow  out  as  root-hairs,  which  are  sometimes  cut 
off  by  a  wall  from  the  parent  cell  (as  shown  in  fig.  3,  h).  As  might  have  been 
expected,  stomata  have  not  been  seen  in  the  epidermis  of  the  tuber.  An  investiga¬ 
tion  of  the  base  of  the  tuber  shows  that  in  the  mature  state  this  epidermis  is 
continuous  over  it :  a  longitudinal  section  of  a  tuber  in  course  of  development  shows 
no  trace  of  those  characters  which  are  peculiar  to  the  root,  a  conclusion  which  is 
equally  borne  out  by  the  mature  structure. 

Passing  now  to  the  apex  of  the  tuber,  median  longitudinal  sections  show  that  the 
mode  of  division  of  the  cells  up  to  the  period  of  maturity  is  that  known  as  the  _|_ 
mode  of  division.*  I  have  not  in  any  case  observed  any  wedge-shaped  cell  at  the 
apex  in  this  stage  of  development  of  the  axis  (fig.  6).  The  arrangement  of  the  cells 
as  seen  in  superficial  view  from  without  is  represented  in  fig.  7  ;  it  is  suggested  that 
the  four  cells  marked  ( x )  may  be  initial  cells  in  this  particular  example,  but  it  is  not 
insisted  that  this  is  universally  the  case.  As  will  be  seen  later,  there  is  some  incon¬ 
stancy  in  structure  of  the  apical  meristem  of  this  plant,  and  as  the  number  of  tubers 
investigated  has  been  necessarily  small,  I  am  not  prepared  to  assert  that  the  structure 
of  the  apex  above  described  is  uniform  for  all  mature  tubers.  Before  germination 
there  is  no  sign  of  formation  of  appendicular  organs,  the  apex  of  the  tuber  is  broad, 
slightly  conical,  and  quite  smooth. 

Germination  of  the  Tuber. 

The  living  tubers,  which  wTere  sent  over  in  the  dry  state,  wrere  germinated  with 
success  in  the  propagating  pits  at  Kew ;  the  first  plants  made  their  appearance  above 
ground  about  one  month  after  they  were  sown.  The  tubers  were  of  very  variable 
size,  and  the  character  and  number  of  the  organs  formed  depends,  in  great  measure, 
upon  the  size  of  the  tuber.  Thus  it  has  been  found  that  where  the  tuber  is  small, 
foliage  leaves  are  formed,  together  with  roots  (one  or  more),  and  one  new  tuber ;  the 
number  of  the  leaves  also  depends  upon  the  size  of  the  tuber,  being  sometimes  only 
one,  where  the  tuber  is  very  small.  Where  the  tuber  is  relatively  large,  sporangia 
are  produced,  their  position  and  arrangement  being  as  already  described  by  other 
writers  ;  in  this  case  the  tuber  will  also  produce  foliage  leaves,  roots  (one  or  more), 
and  one  new  tuber,  as  in  the  former  case.  As  there  is  a  difference  in  the  mode  of 
development  of  the  plant,  according  as  sporangia  are  formed  or  not,  it  will  be 
necessary  to  deal  with  the  two  cases  separately  ;  it  is  however  to  be  borne  in  mind 


*  See  Prantl,  “TTnfcers.  zur  Morph,  der  Gefasslcryptogamen.”  Heft  i.,  p.  4. 
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that,  as  far  as  observation  extends,  the  starting-point  is  in  either  case  the  same.  If 
we  leave  the  size  of  the  tuber  out  of  account,  there  is  in  the  structure  of  the  apex  of 
the  mature  tuber  no  indication  by  which  it  has  been  possible  to  decide  beforehand 
whether  the  tuber  will  produce  sporangia  or  merely  vegetative  organs. 

Befoi'e  entering  on  the  details  of  the  process  of  germination,  it  will  be  well  to  state 
what  the  results  of  that  process  are,  as  shown  by  mature  plants.  Of  the  twenty-two 
mature  plants  which  were  preserved  in  spirit,  seventeen  bore  sporangia,  five  had  only 
vegetative  organs.  From  a  careful  comparison  of  them  the  following  conclusions  have 
been  drawn,  viz. : — 

(A.)  Where  sporangia  are  produced,  the  number  of  foliage  leaves  is  3-6  ;  the 
number  of  roots  1-3,  usually  3.  Two  tubers  are  found  in  all  cases,  one  of  these 
being  the  spent  tuber  of  the  previous  year,  the  other  the  new  tuber. 

(B.)  Where  sporangia  are  absent,  the  number  of  foliage  leaves  is  4-7  ;  the  roots 
1-2,  usually  1.  As  before  two  tubers  are  present,  and  it  may  be  stated  that  in  no 
case  have  more  tubers  than  two  been  observed  :  if  it  is  constantly  the  case  that  only 
one  new  tuber  is  formed  during  each  period  of  activity,  it  is  obvious  that  there  can 
be  no  increase  in  number  of  individuals  by  means  of  the  tubers. 

Taking,  first,  the  more  simple  case,  where  the  germinating  tuber  produces  only 
vegetative  organs,  the  conical  apex  elongates,  and  a  massive  rounded  outgrowth 
appears  upon  it :  this  is  the  first  leaf.  The  position  of  this  first  leaf  is  lateral, 
though  in  some  cases  more  clearly  so  than  in  others  :  its  position  relative  to  the 
parent  plant  which  produced  the  tuber  has  not  been  found  to  be  constant  in  those 
cases  where  it  was  possible  to  judge  on  this  point ;  thus,  it  has  been  found  in  some 
cases  to  be  inserted  on  the  side  of  the  axis  more  remote  from  the  parent  plant ; 
again,  it  has  been  observed  in  other  cases  to  be  lateral  as  regards  the  parent  plant. 
As  will  be  pointed  out  below,  the  other  organs  developed  later,  have  more  or  less 
clearly  defined  positions,  relative  to  the  first  formed  leaf,  and  consequently  we  may 
conclude  generally,  that  as  regards  the  position  of  its  organs,  the  germinating  tuber 
develops  independently  of  the  plant  which  produced  it  :  this  conclusion  might  well 
be  anticipated  since  the  parent  plant  is  in  a  state  of  advanced  decomposition  before 
the  tuber  begins  to  germinate.  Where  the  tuber  is  a  small  one,  and  the  supply  of 
reserve  materials  is  therefore  small,  the  leaf  which  appears  first  may  be  the  only  one 
developed  :  this  has  been  the  case  in  the  plants  represented  in  figs.  8  and  9  :  in  both 
of  these,  the  solitary  leaf  is  the  most  prominent  member  of  the  plant.  I  am  not  in 
a  position  to  state  definitely  that  in  these  cases  the  leaf  is  clearly  of  lateral  origin 
on  the  apex  of  the  tuber,  though  the  natural  conclusion  would  be  that  it  is  lateral, 
and  this  view  is  supported  by  a  comparison  with  the  other  types  of  development  of 
the  plant,  to  be  described  below. 

In  one  irregular  example  represented  in  fig.  10,  there  are  apparently  two  leaves  of 
equal  size.  This  case  may  be  compared  with  that  shown  in  fig.  20  at  a  more  advanced 
stage  of  development. 
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Where  a  single  leaf  is  formed  first  (and  this  is  the  case  in  the  large  majority  of 
specimens)  it  is  usually  followed  by  two  of  approximately  equal  size,  which  are  formed 
laterally  on  the  apex  of  the  tuber,  and  are  disposed  one  on  either  side  of  the  first 
formed  leaf.  This  is  clearly  seen  to  be  the  case  in  the  specimens  represented  in 
figs.  11  and  12  (lii. ).  This  pair  of  leaves  may  be  again  followed  by  a  second  pair 
(fig.  13,  liii.);  but  here  again  irregularities  of  arrangement  may,  and  often  do  occur: 
thus  though  in  fig.  14  their  general  arrangement  is  the  same  as  that  above  described, 
the  leaves  do  not  in  this  case  appear  as  successive  pairs.  From  the  examples  cited  it 
is  evident  that  there  is  no  strict  constancy  in  number,  or  arrangement  of  the  leaves  ; 
their  number  is  seen  to  vary  from  one  to  five,  and  the  number  as  seen  in  the  mature 
plant  may  be  occasionally  higher  still,  as  many  as  seven  have  been  seen  in  one  mature 
specimen.  It  may  be  again  noted  that  the  larger  number  of  leaves  is  usually 
associated  with  the  absence  of  sporangia.  The  arrangement  of  the  leaves  also  shows 
some  inconstancy,  there  being  in  the  majority  of  cases  one  leaf  formed  first,  and 
followed  by  successive  pairs  ;  in  other  cases  the  order  of  succession  and  position  being 
less  regular.  In  those  examples  in  which  the  arrangement  of  the  leaves,  and  their 
order  of  appearance  on  the  apex  are  most  regular,  it  is  clear  that  we  have  to  deal 
with  a  successive  ivhorl  of  leaves.  Such  successive  development  of  members  of  a 
whorl  is  well  known  to  exist  in  certain  flowers,  as  for  example  in  Reseda ,  the  flowers 
of  the  Papilionacece,  &c.  The  successive  formation  of  the  whorl  of  leaves  derived 
from  a  node  of  Chara  may  also  be  cited.  Further,  the  irregularities  of  arrangement 
and  succession  of  the  leaves  in  Plnylloglossum  acquire  additional  interest  when  it  is 
remembered  that  in  the  genus  Lycopodium  irregularities  are  also  prevalent,  and  have 
always  presented  difficulties  to  those  who  attempt  to  reduce  morphological  description 
to  strict  formulse.  The  leaves  originate  on  the  apex  of  the  tuber  as  rounded  masses 
of  meristematic  tissue,  in  which  no  single  apical  cdll  is  to  be  distinguished ;  divisions 
of  the  superficial  cells  by  periclinal  walls  are  frequent,  and  it  is  only  at  a  compara¬ 
tively  late  period  that  a  superficial  layer  of  epidermis  becomes  apparent. 

Returning  now  to  the  central  point  around  which  the  leaves  are  disposed,  it  is  at 
no  time  a  prominent  cone  in  those  plants  which  do  not  form  sporangia.  According  to 
the  strength  of  development  of  the  leaves  it  is  liable  to  be  more  or  less  displaced  ; 
this  is  most  clearly  seen  in  those  plants  in  which  only  one  leaf  is  produced  (figs.  8,  9), 
here  the  apex  of  the  tuber  assumes  a  lateral  position  at  the  base  of  the  solitary  leaf. 
Even  in  those  cases  where  the  successive  whorl  of  leaves  is  most  complete,  the  apex 
becomes  displaced,  owing  to  the  more  rapid  development  of  the  earlier  formed  leaves 
(fig.  13).  At  an  early  period  the  apex  thus  displaced  becomes  depressed  ;  it  grows 
slowly  in  length  itself,  while  the  tissues  immediately  surrounding  it  advance  more 
rapidly,  the  result  is  a  conformation  of  the  surface  as  seen  at  («)  in  figs.  8-14.  A 
longitudinal  section  shows  the  depression  still  more  clearly  (fig.  15).  There  can  be 
little  doubt  that,  in  those  plants  which  do  not  form  sporangia,  it  is  actually  the  apex 
of  the  plant  which  becomes  thus  depressed,  since  the  depression  appears  constantly  in 
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an  approximately  central  position,  notwithstanding  differences  in  number  and  arrange¬ 
ment  of  the  leaves.  Following  still  the  changes  of  external  conformation,  it  is  found 
that  the  young  tuber  begins  to  project,  since  the  growth  of  tissue  is  continued 
actively  round  the  apical  depression  (fig.  16,  a)  ;  it  gradually  becomes  inverted  and 
elongated,  as  the  result  of  a  special  localisation  of  intercalary  growth  (figs.  17-20). 
Meanwhile  the  swelling  of  the  tuber  begins  by  increase  of  the  tissues  lying  below  the 
depressed  apex  (fig.  20).  Further  details  of  the  development  of  the  tuber,  as  illus¬ 
trated  by  sections,  will  be  given  below. 

In  some  cases  a  leaf  smaller  than  the  rest  and  of  later  development  is  to  be  seen 
inserted  above  the  tuber  (fig.  18)  ;  its  position  is,  as  a  rule,  not  directly  above  the 
tuber  (fig.  17).  A  leaf  holding  this  position  has  been  observed  by  other  writers,  but 
it  is  by  no  means  of  constant  occurrence,  and  its  occasional  appearance  illustrates  once 
more  how  great  is  the  irregularity  of  number  and  position  of  the  leaves  in  Phyllo- 
glossum.  The  description  above  given  of  the  development  of  those  simpler  plants  of 
Phylloglossum  which  do  not  bear  sporangia  coincides  with  the  structure  of  those 
plants  when  mature,  and  it  may  especially  be  noted  that  in  the  mature  plant  there  is 
no  trace  of  an  apical  cone  or  bud  to  be  found  in  a  central  position  at  the  base  of  the 
leaves,  an  observation  which  completely  bears  out  the  view  that  in  these  plants  it  is 
actually  the  apex  of  the  plant  which  gives  rise  to  the  new  tuber. 

While  the  development  of  the  tuber  is  progressing,  an  outgrowth  makes  its 
appearance  on  the  opposite  side  of  the  plant  to  that  on  which  the  tuber  is  formed;  it 
is  situated  at  a  point  below  the  insertion  of  the  oldest  leaf.  It  arises  as  a  smooth 
rounded  cone  ;  there  is  no  sign  of  any  rupture  of  the  tissues,  indicative  of  endogenous 
origin,  its  outer  surface  being  unbroken  and  glossy ;  as  it  grows  older  a  slight 
excrescence  appears  at  its  apex,  the  convexity  of  its  surface  being  there  greater ;  this 
outgrowth  ultimately  develops  as  the  first  root  (r,  in  figs.  9,  166,  18,  19,  20).  In  one 
plant  this  outgrowth  did  not  appear  as  a  simple  cone,  but,  as  shown  in  fig.  21,  two 
cones  appeared,  joined  laterally,  a  mode  of  development  which  may  well  be  compared 
with  that  exceptional  development  of  the  leaf  shown  in  fig.  20.  As  far  as  external 
observation  is  concerned,  it  may  be  concluded  from  the  above  description  that  the  root 
is  of  exogenous  origin.  This  is  borne  out  by  the  results  derived  from  the  study  ol 
sections,  which  will  be  detailed  below. 

The  second  alternative  mode  of  development  remains  to  be  described,  viz.,  that  in 
which  the  plant  forms  sporangia.  As  above  stated,  this  appears  to  occur  only  on  the 
germination  of  large  and  well-developed  tubers.  The  formation  of  leaves  and  their 
order  of  succession  appear  to  proceed  in  the  same  way  as  above  described,  but  it 
is  to  be  noted  that  the  number  of  ordinary  vegetative  leaves  is  usually  smaller  m 
sporangium-bearing  plants  than  is  the  case  in  plants  of  purely  vegetative  development. 
When  sporangia  are  to  be  formed,  the  apex  of  the  plant  is  convex,  and  grows  on  in  an 
erect  position  ;  on  it  are  formed  successive  leaves,  which  originate  like  the  ordinary 
foliage  leaves,  but  remain  of  relatively  small  size,  while  the  axis  which  bears  them 
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becomes  elongated  below  the  insertion  of  the  lowest  of  them  (figs.  22-25).  As  to  the 
arrangement  of  the  leaves  on  the  cone  I  have  nothing  to  add  to  tire  description  of 
previous  writers.  It  will  be  seen  from  figs.  22-25  that  the  first  two  leaves  of  the 
cone  correspond  roughly  in  position  to  the  second  pair  of  leaves  in  fig.  13. 

Since  in  sporangium-bearing  plants  the  apex  of  the  main  axis  continues  its  growth, 
and  gives  rise  to  the  sporangium-bearing  cone,  it  is  clear  that  there  must  in  this  case 
be  a  different  origin  for  the  tuber  than  that  described  for  the  purely  vegetative  plant. 
Up  to  a  stage  of  development,  such  as  is  shown  in  fig.  23,  no  trace  of  a  new  tuber  has 
been  observed ;  but  subsequently  a  depression  is  seen  at  a  point  near  the  base  of  the 
pedicel,  which  is  surrounded  by  a  circular  weal  (fig.  24) ;  this  is  the  young  tuber, 
which  is  again  shown  in  a  more  mature  condition  in  figs.  25,  26.  It  would  thus 
appear  that  in  those  plants  in  which  the  main  axis  develops  as  a  sporangium-bearing 
cone,  the  new  tuber  is  of  adventitious  origin,  and  exogenous.  It  does  not  bear  any 
constant  relation  to  the  leaves,  though,  as  has  been  observed  in  mature  plants,  a  leaf 
of  smaller  size  than  the  rest  is  occasionally  inserted  immediately  above  the  attach¬ 
ment  of  the  new  tuber  (fig.  27).  A  supernumerary  leaf  of  this  sort  has  been 
observed  in  four  out  of  eleven  specimens  of  mature  sporangium-bearing  plants.  In 
plants  of  this  type  the  roots  originate  in  the  manner  above  described. 

The  chief  points  in  the  development,  as  seen  on  germination  of  the  tuber,  having 
been  described,  as  far  as  their  external  characters  are  concerned,  the  description  of 
the  development  of  the  tuber  and  of  the  root,  as  illustrated  by  sections,  may  now  be 
proceeded  with.  If  a  median  longitudinal  section  be  cut  from  a  plant,  such  as  that 
represented  in  fig.  13,  it  will  present  a,n  outline  as  shown  in  fig.  15.  At  the  point 
marked  («)  there  is  a  slight  depression,  which  indicates  the  first  origin  of  the  new 
tuber.  Seen  under  a  higher  power  the  arrangement  of  the  cells  appears  as  in  fig.  28. 
Here  it  is  evident  that  growth  and  cell-divisions,  especially  periclinal  divisions,  are  less 
frequent  at  the  point  (a)  than  in  the  tissues  immediately  surrounding  that  point :  the 
result  is  that  the  point  marked  (a)  becomes  depressed,  while  the  surrounding  tissues 
gradually  overarch  it  (fig.  29),  leaving  only  a  narrow  channel  open  above  the  apex. 
Finally  the  channel  which  is  seen  still  open  in  fig.  29  is  closed  up,  and  the  apex  of  the 
new  tuber  is  thus  completely  covered  in  by  the  more  rapidly  growing  tissue  which 
surrounds  it  (fig.  30).  It  is  to  be  observed  that  the  apex  thus  covered  in  is  in  the 
first  instance  of  very  small  area,  and  in  the  case  of  fig.  29,  it  appears  to  be  only  a 
single  cell  in  width  :  whether  this  is  always  the  case  I  am  not  in  a  position  to  state. 
Subsequently  divisions  appear  in  the  cells  at  the  base  of  the  depression  (fig.  30), 
which  are  repeated,  and  as  the  tuber  increases  in  bulk  the  apical  cone  also  increases 
in  width,  until  finally  in  the  mature  tuber  it  is  a  massive  structure  of  convex  form, 
such  as  is  seen  in  fig.  6.  Even  before  the  apex  of  the  new  tuber  is  thus  covered  in 
by  the  increasing  bulk  of  the  tissues  surrounding  it,  growth  is  localised  in  a  special 
way  in  the  more  deeply  seated  tissues  :  this  growth  results  in  the  whole  body  of  the 
tuber  being  made  to  project  beyond  the  general  surface  of  the  axis,  while,  since  the 
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intercalary  growth  is  more  strong  on  the  lower  than  on  the  upper  side  of  the  new 
tuber,  the  whole  body  of  it  becomes  inverted,  in  a  manner  not  unlike  that  already 
well  known  in  the  tubers  of  certain  orchids.*  Fig.  31  represents  in  general  outline 
the  form  and  position  which  are  thus  assumed  by  a  developing  tuber  :  the  apex  (a) 
still  maintains  an  oblique  position;  above  it  is  a  small  cavity,  more  clearly  seen  in  the 
specimen  drawn  under  a  higher  power  in  fig.  32  ;  from  this  cavity  the  now  closed 
channel,  which  originally  communicated  with  the  open  air,  may  be  traced  upwards,  as 
seen  in  figs.  31,  32,  till  on  approaching  the  outer  surface  it  again  widens  out  as  a 
funnel-like  depression  (shown  in  fig.  33),  which  may  often  be  recognised  even  in  the 
mature  plant  (fig.  26).  It  may  further  be  noted  that  a  vascular  strand,  already 
described  as  existing  in  the  stalk  of  the  mature  tuber,  runs  down  from  the  main  body 
of  the  plant  till  it  approaches  the  apex  of  the  new  tuber  ;  but,  as  above  stated,  it 
stops  short  before  reaching  the  new  apex.  It  may  here  be  again  remarked  that 
among  the  plants  grown  at  Kew  no  case  has  been  observed  of  the  formation  of  more 
than  a  single  tuber:  if  this  be  uniformly  the  case  with  Pliylloglossum,  there  can  be  no 
increase  in  number  of  individuals  by  means  of  the  tubers,  and  at  present  no  other 
form  of  vegetative  reproduction  is  known  in  this  plant :  this  would  lead  us  to  expect 
that  the  plant  depends  for  its  multiplication  upon  the  germination  of  its  spores,  and 
this  will  enhance  the  interest  which  attempts  to  raise  the  plant  from  spores  would 
naturally  arouse. 

If  a  median  longitudinal  section  be  cut  through  the  conical  outgrowth  which 
ultimately  develops  as  the  root,  while  it  is  still  young,  its  structure  is  seen  to  be 
such  as  is  shown  in  fig.  34.  It  is  clear  from  such  preparations  that  there  is  no 
question  of  endogenous  origin  of  the  outgrowth,  since  the  outer  margin  of  the  section 
is  continuous,  smooth,  and  unbroken  from  the  surface  of  the  axis,  over  the  whole  of 
the  swelling.  There  can  be  no  doubt  that  the  whole  outgrowth  is  of  exogenous 
origin.  The  superficial  cells  are  subject  to  both  periclinal  and  anticlinal  division, 
and  consequently  there  is  no  clearly  marked  dermatogen  ;  this  is  the  case  for  all  the 
other  organs  of  the  plant  while  young.  As  the  outgrowth  increases  in  age  and  size, 
periclinal  divisions,  which  may  already  be  observed  at  the  point  of  greatest  convexity 
in  fig.  34,  become  more  frequent,  and  being  repeated  in  the  same  cells,  result 
ultimately  in  the  formation  of  a  root-cap,  which  may  then  be  recognised  externally 
as  the  slight  excrescence  at  the  apex,  as  above  described  ;  the  root-cap  is  thus 
derived  in  this  case  from  superficial  cells,  and  the  whole  root  is  of  exogenous 
origin.  In  Pliylloglossum  another  plant  is  added  to  the  list  of  those  in  which  the 
root  is  described  as  being  of  exogenous  origint :  it  is  interesting  to  note  that  among 
them  is  Isoetes,  in  which  the  first  root  of  the  embryo  is  stated  to  originate  from 
superficial  cells. 

*  Ikmisch.  “  Biologie  und  Morpbologie  der  Orchideen.”  Leipzig.  1853. 

f  Compare  Goebel.  “  Vergleicliende  Entwickelungsgeschichte,”  p.  350. 

*  Sapebeck.  “  Gefasskiyptogamen,”  p.  229. 
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It  has  been  above  stated  that  the  mature  leaf  is  of  simple  form,  and  almost 
cylindrical :  a  transverse  section  of  it  shows  an  almost  circular  outline,  limited 
peripherally  by  a  more  or  less  regular  epidermis,  in  which  are  numerous  stomata  of 
simple  structure,  and  distributed  uniformly  on  all  sides  (fig.  36).  Below  the  epidermis 
is  a  massive,  thin-walled  mesophyll,  arranged  almost  uniformly  all  round  :  there  are 
large  intercellular  spaces,  and  respiratory  cavities.  The  more  peripheral  cells  have 
their  longer  axis  disposed  obliquely  to  the  outer  surface  (fig.  37),  while  in  those  which 
are  nearer  the  centre  of  the  leaf  the  longer  axis  is  directed  longitudinally  :  thus  in 
the  transverse  section  the  cells  nearer  the  centre  of  the  section  appear  almost  circular. 
At  the  centre  of  the  transverse  section  there  is  a  small  and  simple  vascular  bundle, 
consisting  only  of  four  or  five  xylem  elements,  surrounded  by  tissues  with  cellulose 
walls,  and  small  cell-cavities  with  protoplasmic  contents.  Longitudinal  sections  show 
that  the  xylem  elements  are  elongated,  with  annular  or  irregular  spiral  thickening  : 
there  is  no  clearly  marked  phloem,  and  no  bundle-sheath.  The  more  central  portion 
of  the  mesophyll  consists  of  elongated  and  pointed  elements  (fig.  37)  ;  the  oblique 
terminal  walls  where  two  such  elements  adjoin  one  another  are  of  irregular  thickness, 
and  as  seen  in  surface  view  are  marked  with  shallow  pits :  there  is  no  special 
character  of  their  cell-contents,  and  a  nucleus  is  present.  It  seems  probable  that 
this  tissue  replaces  the  phloem  not  only  anatomically,  but  also  physiologically,  in  fact 
that  it  is  a  rudimentary  type  of  phloem.  It  is  thus  seen  that  the  vascular  bundle  of 
the  leaf  is  of  a  very  simple  type. 

A  peculiarity  of  structure  is  to  be  noted  in  the  parenchyma  at  the  base  of  the  leaf. 
There  the  intercellular  spaces  are  large,  and  into  them  there  project  numerous  peg¬ 
like  outgrowths  from  the  walls  of  the  adjoining  cells  (fig.  40)  ;  these  are  similar  to 
those  already  well  known  as  existing  in  the  parenchyma  at  the  base  of  the  leaf  in 
many  ferns.  The  substance  of  which  they  are  composed  gives  the  following  reactions : 
(1)  They  swell  slightly  with  strong  potash  solution,  and  become  less  highly  refractive, 
but  do  not  lose  their  clearly  defined  outline  ;  they  do  not  stain  with  Schulze’s 
solution,  even  after  previous  treatment  with  potash,  though  the  adjoining  walls  give 
a  deep  blue  stain  ;  (3)  in  sulphuric  acid  they  behave  similarly  to  the  middle  lamella, 
that  is,  they  resist  its  action  longer  than  the  layers  adjoining  the  protoplasm  ;  (4) 
with  methylene  blue  they  stain  very  slightly  or  not  at  all.  From  these  reactions 
it  is  clear  that  the  outgrowths  are  not  composed  of  ordinary  cellulose  ;  but  it  is 
difficult  to  define  what  their  substance  really  is  ;  it  would  appear,  however,  that  it  is 
not  slightly  cuticularised  cellulose,  such  as  described  by  Luerssen  for  similar  out¬ 
growths  in  ferns.* 

A  transverse  section  of  the  peduncle,  or  sporangium-bearing  axis,  shows  an 
epidermis  with  stomata ;  its  outer  wall  is  thick,  and  is  covered  with  cuticle,  and  a 
narrow  cuticularised  layer.  Beneath  the  epidermis  is  parenchyma,  with  large  inter- 

*“TJeber  Intercellularverdicbungen  im  parencbymatischen  Grunclgewebe  der  Fame.”  Sitzungsber. 
der  naturforsuh.  Gesellschaft  za  Leipzig,  1875,  p.  70. 
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cellular  spaces,  the  cells  being  rounded,  with  thin  walls,  and  containing  protoplasm 
with  chlorophyll  granules.  Here  again  there  is  no  clear  limit  between  the  outer  tissue 
and  the  vascular  tissue ;  on  passing  from  the  periphery  inwards  the  intercellular 
spaces  become  smaller,  and  in  the  tissues  immediately  surrounding  the  xylem  they  are 
almost  or  entirely  absent  (fig.  39) ;  there  are,  however,  intercellular  spaces  between 
the  elements  of  the  xylem  themselves.  The  thin- walled  tissues  surrounding  the 
xylem  show  characters  similar  to  those  of  the  tissue  in  a  similar  position  in  the  leaf, 
which  suggest  for  them  a  similar  function.  The  elements  of  the  xylem  are  tracheides 
with  annular  or  irregular  spiral  and  reticulated  thickening  of  the  walls. 

A  transverse  section  of  a  mature  root  shows  a  structure  which  coincides  with  that 
of  the  simpler  forms  of  root  in  the  Lycopodince.  There  is  no  clearly  defined  epidermis; 
cells  of  the  superficial  layer  grow  out  as  simple  root  hairs.  There  is  a  broad  band  of 
cortex  with  large  intercellular  spaces  ;  it  is  limited  internally  by  the  bundle-sheath, 
which  is  not  a  definite  layer  of  cells,  but  is,  as  in  Lycopodium,  a  somewhat  irregular 
band  of  cells  with  corky  walls  (fig.  41)  ;  between  this  and  the  vascular  tissues  an 
irregular  band  of  cells  with  cellulose  walls  intervenes,  which  may  represent  the 
pericambium.  The  vascular  tissues  consist  of  a  single  group  of  xylem  elements,  and 
a  single  group  of  elements  of  the  phloem.  No  example  of  branching  of  the  root  has 
been  observed. 

As  regards  the  distribution  of  the  vascular  bundles  in  the  whole  plant,  and  their 
mutual  relations,  there  is  considerable  irregularity ;  this  might  be  anticipated  from 
the  irregularity  of  number  and  arrangement  of  the  leaves,  &c.,  as  above  described. 
From  each  leaf  one  bundle  of  the  leaf-trace  passes  into  the  axis  ;  one  strand  passes 
from  the  axis  into  each  root,  and,  as  above  described,  one  vascular  strand  passes  into 
the  stalk  of  the  tuber.  These  are  the  fundamental  points  on  which  the  arrangement 
of  the  vascular  tissues  is  based.  Taking  first  the  simple  case  where  only  vegetative 
organs  are  formed,  the  vascular  system  was  found,  in  twro  specimens,  each  with  four 
leaves  and  one  root,  to  be  disposed  as  shown  in  fig.  42a.  The  bundles  from  three  of 
the  leaves  united  in  the  axis  to  form  one  trunk,  which  was  continuous  downwards 
directly  into  the  single  root.  The  bundle  from  the  fourth  leaf,  probably  the  latest 
formed  or  supernumerary  leaf,  was  traced  directly  downwards  into  the  stalk  of  the 
tuber,  without  its  being  connected  with  the  other  bundles.  This  arrangement  is  a 
very  simple  one,  and  is  obviously  less  efficient  than  those  to  be  described  below,  since 
the  vascular  system  here  consists  of  two  disconnected  portions.  In  another  specimen 
having  five  leaves,  two  roots  and  a  new  tuber,  the  vascular  system  was  found  to  be 
disposed  as  shown  in  fig.  42b.  The  bundle  passing  down  from  one  leaf,  obviously 
from  its  position  the  first  formed  leaf  of  the  successive  whorl,  divided  in  the  axis  into 
three  strands ;  of  these  one  passed  to  the  stalk  of  the  tuber  ( t ),  the  other  two  curved 
to  right  and  left,  and  finally  coalesced  with  those  descending  from  the  other  leaves,  to 
form  two  trunks  which  passed  directly  into  the  two  roots  (r). 

In  those  plants  which  bear  sporangia,  seated  on  an  elongated  stalk  or  peduncle,  a 
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composite  bundle  passes  down  that  stalk,  the  structure  of  which  is  shown  in  fig.  39. 
At  the  base  of  the  stalk,  about  the  level  of  the  insertion  of  the  foliage  leaves,  this 
composite  bundle  separates  into  strands  of  varying  number,  according  to  the  number 
of  the  other  organs  of  the  plant ;  two  examples  from  such  plants  are  shown  in 
figs.  43a,  b.  In  these  it  may  be  observed  that  the  general  plan  is  in  both  cases 
the  same,  though  there  is  a  difference  in  the  number  of  the  roots ;  also  in  (a)  the 
strand  which  passes  to  the  tuber  (t),  is  derived  directly  and  solely  from  the  axis, 
while  in  b  the  bundle  of  the  tuber  (t)  is  derived  partly  from  the  axis  and  partly 
from  the  leaf  (/,),  which  is  situated  above  the  insertion  of  the  tuber,  and  appears  to  be 
the  supernumerary  and  latest  formed  leaf,  described  above  as  being  of  inconstant 
occurrence.  These  few  examples  will  suffice  to  show  that  there  may  be  considerable 
variety  in  the  arrangement  of  the  vascular  system  of  Phylloglossum,  and  that  the 
irregularities  are  closely  connected  with  the  variations  of  arrangement  of  the  organs. 

Concluding  Remarks. 

The  above  description  applies  only  to  the  vegetative  organs  of  Phylloglossum  Drum- 
mondii.  The  description  of  the  structure  of  the  sporangia,  their  development,  and 
the  possible  results  of  their  germination  must  be  deferred  for  the  present.  In  the 
light  of  Treub’s  recent  researches  on  the  Lycopodiacece,  the  development  of  the 
vegetative  organs  of  Phylloglossum  acquires  additional  interest,  and  a  comparison 
immediately  suggests  itself  between  the  early  stages  of  development  of  the  sporo- 
phore  of  Lycopodium,  and  the  germination  of  the  tuber  of  Phylloglossum.  It  can 
hardly  have  escaped  the  notice  of  those  acquainted  with  Treub’s  memoir,  that  in 
certain  points  the  correspondence  is  very  marked,  and  it  may  be  well  to  point  out 
those  characters  where  the  similarity  is  most  striking.  As  regards  the  general  con¬ 
formation  of  the  plant  of  Phylloglossum  while  young,  a  comparison  may  well  be  drawn 
with  the  young  plant  of  Lycopodium  cernuum  shown  in  fig.  1,  Plate  XYI.  of  Treub’s 
memoir.  At  the  base  is  a  parenchymatous  tuber  (“tubercle  embryonnaire  ”  of 
Treub),  which  corresponds  in  position  and  structure,  though  not  in  size,  to  the  tuber 
of  Phylloglossum ;  in  both  cases  it  is  composed  uniformly  of  parenchymatous  cells, 
and  in  both  plants  the  superficial  cells  may  develop  as  root  hairs.  In  that  same 
figure  three  leaves  are  represented  similar  in  their  form  and  position  to  those  of  the 
simpler  plants  of  Phylloglossum.  As  yet  no  root  is  visible  in  the  young  plant  of 
Lycopodium,  and,  similarly  in  Phylloglossum,  the  formation  of  the  first  root  is  subse¬ 
quent  to  the  appearance  of  the  leaves.  The  foot,  which  is  not  shown  in  the  figure  of 
Lycopodium,  is  absent  in  Phylloglossum,  but  it  is  to  be  remembered  that  in  this  plant 
the  place  of  the  foot  is  taken  physiologically,  if  not  morphologically,  by  the  stalk  of 
the  young  tuber.  Thus  the  correspondence  of  parts,  as  regards  their  external  form, 
between  the  young  dlant  of  Lycopodium  cernuum  and  Phylloglossum  is  very  close. 
The  chief  difference  is  in  the  relative  size  of  the  tuber  ;  in  Phylloglossum  the  develop¬ 
ment  of  the  tuber,  and  storing  of  nutritive  materials  in  it,  precede  the  development 
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of  the  new  organs  at  the  apex,  an  arrangement  which  is  well  adapted  to  the  growth 
of  the  plant  under  circumstances  which  alternately  favour  and  prevent  vegetative 
activity.  In  the  young  Lycopodium  the  supply  of  nutritive  materials  is  drawn  by 
the  foot  from  the  prothallus  as  it  is  wanted  by  the  young  sporophore.  It  is  further 
to  be  observed  that  the  same  difficulty  has  been  experienced  by  Dr.  Treub  in  dis¬ 
tinguishing  the  morphological  character  of  some  of  the  young  organs  ( l.c .,  p.  130)  as 
meets  os  also  in  the  case  of  Phylloglossum :  shall  an  outgrowth  which  appears  not 
clearly  lateral,  such  as  that  described  as  the  first  leaf  in  Phylloglossum,  be  designated 
a  leaf  or  not?  It  is  only  to  be  expected  that  such  difficulties  should  arise  as  we 
investigate  plants  which  are  low  in  the  scale  of  development,  and  especially  when 
we  observe  the  development  of  their  embryos.  As  regards  the  origin  of  the  root, 
there  is  no  doubt  that  in  Phylloglossum  it  is  exogenous,  and  that  the  first  root  is 
adventitious.  In  Lycopodium  cernuum  also  the  origin  of  the  first  root  is  compara¬ 
tively  late,  and  it  is  adventitious.  I  cannot  think,  however,  that  the  one  example 
shown  by  Treub  (Plate  XVII.,  fig.  1)  excludes  the  possibility  of  the  first  root  being  of 
exogenous  origin,  and  it  is  to  be  observed  that  other  figures  (e.g.,  figs.  2,  3,  4  of 
Plate  XVII.)  seem  rather  to  point  to  an  exogenous  than  an  endogenous  origin.  It 
may  also  be  observed  that  the  connexion  of  the  vascular  bundles  of  the  leaves  and 
root,  and  their  absence  in  the  tuber  (“  tubercle  embryonnaire  ”)  in  Lycopodium  cernuum 
correspond  with  the  distribution  of  the  bundles  in  Phylloglossum.  Taken  as  a  whole, 
and  discounting  the  absence  of  the  foot,  and  the  storage  of  nutritive  materials  in  the 
tuber  before  the  development  of  the  apex  to  form  leaves  and  other  organs,  it  may  be 
said  that  the  whole  development  of  Phylloglossum  from  the  tuber  is  strikingly  similar 
to  the  embryonic  stages  of  Lycopodium  as  described  by  Treub.  A  comparison  of 
the  two  leads  clearly  to  the  conclusion  that,  provided  the  sporophore  generation  of 
Phylloglossum  corresponds  in  its  more  important  points  to  that  of  Lycopodium ,  we 
may  regard  Phylloglossum  as  a  form  which  retains,  and  repeats  in  its  sporophore 
generation,  the  more  prominent  characteristics  of  the  embryo  as  seen  in  Lycopodium 
cernuum ;  it  is  a  permanently  embryonic  form  of  Ly copod. 

Description  of  the  Figures. 

PLATE  71. 

Fig.  1.  Part  of  transverse  section  of  the  stalk  of  a  mature  tuber:  xy= the  strand  of 
xylem.  c  indicates  the  position  of  the  channel,  which  is  in  this  case 
completely  closed.  (xl75.) 

Fig.  2.  Part  of  a  similar  section  :  here  the  channel  (c)  is  still  open,  (x  175.) 

Fig.  3.  Peripheral  part  of  a  transverse  section  of  a  mature  tuber,  showing  the  super¬ 
ficial  epidermis,  with  peculiarly  thickened  walls,  and  one  root-hair  ( h ). 
(X  130.) 
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Fig.  4.  A  small  piece  of  epidermis  of  the  tuber,  showing  under  higher  power  the 
thickened,  stratified  walls,  with  pits  as  described  in  text,  (x  325.) 

Fig.  5.  Median  longitudinal  section  of  the  base  of  a  young  tuber.  ( X  325.) 

Fig.  6.  Median  longitudinal  section  of  the  apex  of  a  mature  tuber.  ( X  130.) 

Fig.  7.  Apex  of  mature  tuber  as  seen  from  above.  (  X  325.) 

Fig.  8.  Apex  of  a  very  small  tuber,  after  germination  for  fifteen  days.  ^=the  first, 
and  in  this  case  the  only  leaf.  «=apex  of  new  tuber.  ( X  20.) 

Fig.  9.  A  similar  specimen  more  advanced.  Zj=first  leaf,  £=new  tuber,  a=apex 
of  new  tuber,  r= root.  (X20.) 

Fig.  10.  Apex  of  tuber  germinated  for  thirteen  days,  showing  a  rather  unusual  dis¬ 
position  of  parts,  viz.,  two  leaves  of  equal  size  (l),  apex  of  new  tuber  (a), 
and  a  small  outgrowth  (/  ?),  which  may  be  a  young  leaf.  ( X  20.)  A,  seen 
from  above  ;  B,  lateral  view. 

Fig.  11.  Apex  of  tuber  germinated  thirteen  days:  li— first  leaf,  4= pair  of  subsequent 
leaves,  a=apex  of  new  tuber.  (X20.)  A,  seen  from  above;  B,  lateral 
view. 

Fig.  12.  Apex  of  a  similar  tuber  germinated  ten  days.  (X20.) 

Fig.  13.  Apex  of  a  strong  tuber  which  has,  on  germination,  formed  a  first  leaf  (li), 
and  two  subsequent  pairs  (4),  (ha),  n— apex  of  new  tuber.  (x20.) 

Fig.  14.  Apex  of  a  strong  tuber  after  germination  thirteen  days  :  l=th.e  four  leaves, 
a=apex  of  new  tuber.  (X20.)  A,  lateral  view  ;  B,  seen  from  above. 

Fig.  15.  Outline  of  a  median  longitudinal  section  of  a  germinating  plant  similar  to 
that  represented  in  fig.  13. 

Fig.  16.  A,  frontal  aspect  of  a  plant  germinated  for  twenty  days  ;  B,  lateral  view  of 
the  same.  r=root.  (X20.) 

Fig.  17.  A  more  advanced  plant  with  three  leaves  (l),  new  tuber  (4)  with  the  apex 
at  (a),  sh= sheath. 

Fig.  18.  A  plant  after  germination  for  three  months.  1= ordinary  leaves,  l*=  last 
formed  smaller  leaf,  tx— original  tuber,  4=new  tuber,  r=root,  s/i= sheath. 
( X  about  5.) 

Fig.  19.  A  similar  plant.  (  X  5.) 

Fig.  20.  A  plant  germinated  three-ancl-a-half  months.  Z=two  leaves,  in  this  case 
connate.  (X  about  5.) 

N.  B. — All  the  figures  8-20  represent  plants  of  purely  vegetative  development 
which  would  not  produce  sporangia. 

Fig.  21.  A  young  plant  seen  from  above,  and  showing  two  connate  roots;  ap—  apex 
of  sporangium-bearing  axis,  which  has  formed  two  leaves  (4).  ( X  20.) 

Fig.  22.  Young  plant  germinated  thirteen  days,  and  developing  a  sporangium-bearing 
axis.  A,  as  seen  from  above  ;  B,  lateral  aspect.  ( X  20.) 

Fig.  23.  Y  oung  plant  rather  more  advanced,  showing  leaves  (l)  and  sporangium¬ 
bearing  axis,  but  no  sign  of  a  new  tuber.  (  X  20.) 
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PLATE  72. 

Fig.  24.  A  more  advanced  plant,  showing,  in  addition  to  the  parts  seen  in  fig.  23,  a 
new  tuber  (t2),  and  two  roots  (r).  (  X  20.) 

Fig.  25.  A  plant  germinated  about  five  weeks,  showing  the  same  parts  as  fig.  24. 
c  —  sporangium-bearing  cone.  (X5.) 

Fig.  26.  A  mature  plant,  showing  the  arrangement  of  parts.  /= leaves,  r= roots, 
£;=old  tuber,  £2=new  tuber,  a = sporangium-bearing  axis.  (x3.) 

Fig.  27.  A  mature  plant  with  similar  parts,  with  the  addition  of  the  supernumerary 
leaf  (l). 

Fig.  28.  Median  longitudinal  section  of  a  new  tuber  in  its  first  stage  of  development, 
compare  fig.  15.  The  depression  of  the  surface  at  (a)  is  already  apparent. 
( X  175.) 

Fig.  29.  A  similar  section  through  an  older  tuber  ;  the  depression  at  a  is  deej>er,  and 
the  channel  above  it  is  already  beginning  to  be  closed  up.  ( X  175.) 

Fig.  30.  A  similar  section  through  a  still  older  tuber ;  the  channel  is  here  completely 
closed.  (x325.) 

Fig.  31.  An  older  tuber  drawn  under  low  power  (20)  to  show  its  general  outline. 

Fig.  32.  Apex  of  a  similar  tuber,  with  the  completely  closed  channel.  (X  325.) 

Fig.  33.  Opening  of  the  channel  of  same  tuber  as  fig.  32,  at  the  external  surface. 
( X  130.) 

Fig.  34.  Median  longitudinal  section  of  a  root  in  early  stage  of  development.  Compare 
fig.  16.  ( X  175.) 

PLATE  73. 

Fig.  35.  A  rather  older  root.  The  periclinal  divisions  in  superficial  cells  are  very 
regular.  (xl75.) 

Fig.  36.  Transverse  section  of  a  mature  leaf.  (  X  130.) 

Fig.  37.  Median  longitudinal  section  of  a  mature  leaf.  (  X  130.) 

Fig.  38.  Two  elements  from  a  longitudinal  section  of  the  mature  leaf.  (x325.) 

Fig.  39.  Central  part  of  a  transverse  section  of  a  mature  peduncle,  n  —  intercellular 
spaces  in  the  xylem.  (  X  175.) 

Fig.  40.  Part  of  a  transverse  section  of  the  base  of  the  leaf,  showing  peg-like  pro¬ 
jections  into  the  intercellular  spaces.  (X  325.) 

Fig.  41.  Part  of  a  transverse  section  of  a  root,  showing  the  vascular  tissue,  surrounded 
by  an  ill-defined  bundle  sheath  ( b .  sh.). 

Fig.  42a,  b,  vascular  systems  of  two  plants  bearing  no  sporangia.  1,  l,  bundles  from 
leaves,  t,  bundle  running  to  tuber,  r,  bundle  running  to  root. 

Fig.  43a,  b,  vascular  systems  of  sporangium-bearing  plants,  ax = bundle  running 
down  the  stem. 
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[Plate  74.] 

In  offering  to  the  Boyal  Society  some  results  deduced  from  the  systems  of  magnetic 
observation  and  magnetic  self-registration  established  several  years  since  at  the  Boyal 
Observatory,  Greenwich,  during  a  portion  of  the  time  in  which  I  presided  over  that 
institution,  I  think  it  desirable  to  premise  a  short  statement  on  the  origin  of  the 
Magnetic  Department  of  the  Boyal  Observatory,  and  on  the  successive  steps  in  its 
constitution. 

It  appears  to  have  been  recognised  many  years  ago,  that  magnetic  determinations 
would  form  a  proper  part  of  the  business  of  the  Boyal  Observatory.  When  I 
commenced  residence  at  the  Boyal  Observatory,  at  the  end  of  1835,  I  found  in  the 
garden  a  small  wooden  building,  evidently  intended  for  the  examination  of  compasses, 
perhaps  of  the  size  of  those  used  in  the  Boyal  Navy.  But  the  locality  was 
inconvenient,  and  the  structure  was  totally  unfit  for  any  delicate  magnetic  purpose ; 
for  instance,  the  balance-weights  of  the  sliding  windows  were  of  iron.  For  some 
preliminary  experiments  a  small  observatory  was  borrowed  from  Captain  Fitzroy, 
but  no  real  progress  was  made  in  magnetism. 

In  the  beginning  of  1836,  a  scheme  for  the  erection  of  a  Magnetical  Observatory 
was  brought  before  the  Board  of  Visitors.  The  Board  approved  the  plan,  and 
recommended  it  favourably  to  the  Admiralty.  The  Government  Department  super¬ 
intending  the  Park  gave  their  consent  to  an  extension  of  the  grounds  of  the  Obser¬ 
vatory,  and  the  ground  was  inclosed  in  1837.  The  Magnetic  Observatory  was  built, 
from  my  plans,  in  the  spring  of  1838.  Since  that  time,  no  alteration  has  been  made  in 
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the  building,  except  in  1864,  when  the  ground  below  the  east,  west,  and  south  arms, 
was  excavated,  in  order  to  obtain  positions  for  the  three  fundamental  instruments 
in  which  the  severity  of  the  temperature-changes  would  be  much  diminished.  Small 
accidental  interruptions  of  observations  occurred  in  1847,  January,  and  1861,  July. 

The  interest  taken  in  the  subject  of  terrestrial  magnetism  in  the  first  half  of  this 
century  was  occasioned  principally  by  the  enterprise  of  Gauss  and  other  German 
philosophers.  Magnets  were,  therefore,  established  at  the  Royal  Observatory, 
furnished  with  apparatus  adapted  to  eye-observations  corresponding  to  those  of  Gauss, 
and  some  observations  were  made  in  concert  with  the  Germans.  The  observations 
to  the  end  of  1847  with  these  instruments  were  made  entirely  by  eye  ;  the  instruments 
(magnets  2  feet  in  length)  being  furnished  with  small  plane  reflectors,  to  which 
telescopes  were  directed,  and  by  which  fixed  marks  were  observed.  The  observations 
were  made  at  every  two  hours,  day  and  night ;  proper  precautions  were  taken  for 
assurance  of  the  general  accuracy  of  the  times  of  observation  ;  and  I  do  not  doubt 
that  the  results  interpreted  from  these  observations  are  each  as  good  as  those  derived 
from  the  succeeding  system ;  though  the  intervals  of  two  hours  were  longer  than 
I  could  wish.  But  the  labour  was  great,  and  (as  measured  by  the  interruption  of 
assistants’  work)  was  expensive. 

The  idea  of  self-registration  by  photography  of  the  movements  of  the  instruments 
(an  idea  little  entertained  before  that  time)  then  suggested  itself ;  and,  at  the 
Cambridge  Meeting  of  the  British  Association  in  1845,  it  was  proposed  for  con¬ 
sideration  of  the  Council  of  that  body,  that  the  Government  should  be  requested 
to  promote,  by  offer  of  a  pecuniary  reward,  the  construction  of  a  photographic  self¬ 
registering  instrument.  This  proposal  was  adopted  by  the  Council ;  letters  were 
addressed  by  Sir  John  Herschel,  President  of  the  Association,  to  Her  Majesty’s 
Treasury,  and  by  myself  to  the  Admiralty  ;  and,  finally,  the  assistance  of  Dr.  Charles 
Brooke  was  secured,  for  forming  an  efficient  apparatus,  and  making  the  necessary 
chemical  arrangements  adapted  to  our  wants. 

I  do  not  propose  here  to  describe  the  photographic  recording  apparatus.  Allusions 
to  the  construction  will  be  found  in  the  Introductions  to  the  Greenwich  Observations 
for  successive  years,  and  especially,  and  in  great  detail,  in  the  introduction  to  the 
volume  for  1847.  The  only  alteration  that  was  made  in  it  for  several  years  is  the 
following.  Mr.  Brooke  had  conceived  that  advantage  would  be  gained  by  making 
the  recording  barrel  to  revolve  in  twelve  hours.  But  this  caused  a  doubling  of  the 
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curves  traced  on  the  photographic  paper  which  is  wrapped  upon  the  barrel ;  and 
the  inconvenience  produced  by  this  doubling  was  soon  found  to  be  so  great  that 
I  thought  it  necessary  to  alter  the  clock-work  so  as  to  produce  a  revolution  of  the 
barrel  in  twenty-four  hours.  The  records  of  the  change  of  western  declination 
from  the  north,  and  of  the  change  of  horizontal  force,  are  made  on  the  same  barrel  ; 
and  by  alterations,  first  suggested  by  myself  about  1881,  and  carried  out  by  the 
present  Astronomer  Boyal  (then  Chief  Assistant),  the  two  curves  are  now  so  traced 
that  the  simultaneous  records  of  the  two  instruments  at  all  times  are  in  close 
juxtaposition. 

While  the  observations  were  made  by  eye,  at  every  two  hours,  the  mean  of  the 
two-hourly  readings  was  adopted  as  base  for  the  day,  and  the  excess  of  each 
two-hourly  reading  above  the  mean  was  adopted  as  “  magnetic  inequality  ”  of  that 
ordinate  for  that  hour  ;  producing  twelve  measures  of  “  inequality  ”  for  each  day. 
When  the  photographic  system  was  introduced,  the  elevation  of  a  pencil  curve  drawm 
by  eye  so  as  to  smooth  down  the  irregularities  of  the  photographic  trace  above  a 
photographic  base  was  measured  for  every  hour,  producing  twenty-four  measures 
of  “inequality.” 

In  the  instances  of  excessive  and  rapid  disturbances  of  the  magnets  during 
magnetic  storms,  no  measures  of  ordinates  were  taken  for  the  present  purposes. 

Thus  the  daily  measures  at  each  hour  or  two  hours  were  obtained. 

The  next  step  was  to  collect  for  each  month  all  the  daily  measures  on  corresponding 
hours  through  each  month,  and  to  take  their  mean.  These  are  the  measures  for 
the  hours  which  are  actually  treated  in  the  present  memoir.  By  combining  (for 
each  month)  the  inequality  of  magnetic  horizontal  force  at  every  two  hours  or  each 
hour,  as  abscissa,  with  the  inequality  of  magnetic  declination  (on  the  same  scale 
of  measure)  at  the  same  two  hours  or  hour,  as  ordinate,  points  were  defined  in 
every  monthly  curve  representing  completely  the  mean  diurnal  changes  of  magnetism 
for  each  month.  On  the  recommendation  of  the  Board  of  Visitors  of  the  Boyal 
Observatory,  reduced  photographic  copies  of  these  curves  were  prepared  by  the 
Astronomer  Boyal  for  publication  with  the  volume  of  Greenwich  Observations  for 
1884. 

The  number,  and  the  character,  of  the  curves  produced  uninterruptedly  on  this 
plan,  and  the  circumstance  that  they  are  intended  for  publication  in  the  Greenwich 
Observations,  appear  to  render  them  unfit  for  dissemination  in  the  Boyal  Society’s 
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Transactions.  I  have,  therefore,  decided  on  the  following  course.  With  the 
permission  of  the  Astronomer  Royal,  I  have  adopted  the  three  years  1868,  1864, 
and  1865,  for  partial  exhibition  of  results.  (Any  other  years  would  have  answered 
equally  well,  for  general  exhibition.)  For  each  of  these  years  I  have  attached  to 
this  paper  the  curves  for  the  months  January,  April,  July,  October,  which  suffice 
for  showing  generally  the  characteristic  changes  of  magnetism  for  the  several  months. 
But  some  general  account  may  be  given,  for  which  this  is  perhaps  a  suitable  place. 

The  form  of  the  curves,  and  the  position  of  the  points  on  them  corresponding 
to  hours  of  solar  time,  leave  no  doubt  that  the  diurnal  inequality  is  due  mainly — 
and,  as  far  as  I  can  judge,  entirely — to  the  radiant  heat  of  the  sun  ;  and,  it  would 
seem,  not  to  the  sun’s  heat  on  the  earth  generally,  but  to  its  heat  on  parts  of  the 
earth  not  very  distant  from  the  magnets.  In  the  hot  months  of  the  year,  the  curve, 
though  far  from  circular,  surrounds  the  central  point  in  a  form  which,  as  viewed 
from  that  central  point,  never  crosses  itself ;  and  is,  roughly  speaking,  usually 
symmetrical  with  regard  to  E.  and  W.  But  in  the  cold  months,  the  space  included  in 
the  curve  is  much  smaller ;  in  many  cases,  probably  not  more  than  one-sixth  of  what 
it  is  in  the  summer  months ;  and  the  curve  often  crosses  itself  in  the  most  bizarre 
fashion  with  irregular  loops  stretching  out,  three  crossings  in  one  curve  occurring 
very  frequently.  In  the  summer  months  there  is  a  certain  degree  of  symmetry; 
but  here  is,  constantly,  a  preponderance  on  the  west  side,  which  leads  me  to  imagine 
that  the  magnetic  effect  of  the  radiant  heat  upon  the  sea  is  considerably  greater 
than  the  effect  on  the  land. 

To  obtain  some  numerical  basis  for  a  report,  which  though  exceedingly  imperfect 
may  convey  some  ideas  on  this  wonderful  subject,  I  have  adopted  the  following 
course.  I  have  confined  myself  to  the  months  of  June  and  July  as  probably  the 
two  hottest,  and  the  months  of  December  and  January  as  probably  the  two  coldest. 
For  each  of  the  curves  applying  to  these  months,  I  have  laid  down  a  system  of 
rectangular  co-ordinates,  corresponding  to  the  Greenwich  meridian  and  to  the  line 
at  right  angles  to  the  meridian  (or  the  geographical  E.  and  W.).  The  extreme 
north  ordinate  and  the  extreme  south  ordinate  are  measured,  and  their  sum  is  taken, 
and  interpreted  by  a  scale  of  measure  formed  in  accordance  with  the  theory  of  the 
instruments;  and  this  interpreted  sum  forms  the  “Range  of  Meridian  Force” 
in  terms  of  the  whole  Meridian  Force.  In  the  same  manner,  the  “Range  of  Trans¬ 
versal  Force”  is  measured.  As  the  time  of  each  of  the  two-hourly  or  hourly  records 
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is  marked  on  the  curve,  there  is  no  difficulty  in  fixing  approximately  on  the  solar 
times  corresponding  to  the  extreme  N.  and  S.  values,  and  the  exti'eme  E.  and  W. 
values,  mentioned  above.  These  are  all  the  elements  of  the  magnetic  record  which 
are  described  in  the  subjoined  table. 

The  changes  in  the  monthly  records  are  very  remarkable.  They  leave  no  doubt 
in  my  mind  that  the  diurnal  magnetic  changes  are  produced  by  the  sun.  But  I 
cannot  account  for  every  change  that  takes  place  in  the  course  of  a  day  ;  nor  can 
I  undertake  to  say  whether  we  can  found,  on  these,  the  theory  that  general  terrestrial 
magnetism  is  a  part  of  solar  radiation,  perhaps  sometimes  acting  through  or  sometimes 
impeded  by  the  masses  of  land  and  sea  on  which  that  radiation  acts. 

Still  I  think  that  a  considerable  step  is  made  by  the  establishment  of  a  connexion 
between  terrestrial  magnetism  (on  one  band),  and  the  radiation,  or,  at  least,  the 
visibility  of  the  sun  (on  the  other  hand). 
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Monthly  Means  of  Daily  Range  of  Horizontal  Magnetic  Force  at 


Mean  Daily  Range  of  Horizontal  Force  in  the  Direction  of  Astronomical  Meridian. 


Range  of 
Meridian 
Force. 

In  Gottingen  Mean  Solar 
Time. 

Approximate  Hour  of 

Month. 

Range  of 
Meridian 
Force. 

In  Gottingen  Mean  Solar 
Time. 

Approximate  Hour  of 

Minimum 

Meridian 

Force. 

Maximum 

Meridian 

Force. 

Minimum 

Meridian 

Force. 

Maximum 

Meridian 

Force. 

h. 

m. 

h. 

m. 

h.  m. 

h. 

m. 

•0032 

23 

50 

8 

0 

•0033 

23 

50 

8 

0 

December  .  . 

•0012 

2  0 

18 

0 

January  .  . 

•0009 

23  50 

20 

0 

•0022 

0 

0 

12 

0 

•0028 

0 

0 

9 

0 

December  .  . 

•0010 

0  0 

18 

0 

January  .  . 

•0014 

0  0 

18 

0 

•0027 

23 

20 

8 

30 

•0028 

23 

50 

8 

0 

December  .  . 

•0011 

2  0 

12 

0 

!  January  .  . 

•0013 

0  0 

7 

30 

•0029 

23 

20 

8 

0 

•0030 

23 

40 

8 

0 

December  .  . 

•0016 

0  10 

6 

0 

January  .  . 

•0010 

0  0 

6 

0 

•0025 

22 

40 

8 

0 

•0022 

23 

30 

8 

0 

December  .  . 

•0015 

0  0 

9 

0 

J  anuary  .  . 

•0011 

0  20 

19 

0 

•0030 

22 

40 

7 

50 

•0033 

23 

10 

7 

50 

December  .  . 

•0016 

o  -o 

8 

10 

January  .  . 

Obser 

vations  inter 

rupted. 

•0026 

23 

40 

8 

0 

•0032 

23 

30 

8 

0 

December .  . 

•0015 

0  40 

20 

0 

January  .  . 

•0023 

0  10 

18 

30 

•0033 

0 

30 

8 

0 

‘0045 

0 

0 

8 

0 

December  .  . 

•0018 

0  30 

19 

0 

January  .  . 

•0019 

0  0 

19 

0 

•0035 

1 

0 

7 

10 

•0036 

0 

0 

8 

0 

December  .  . 

•0013 

0  0 

19 

0 

January  .  . 

•0015 

0  10 

18 

0 

•0028 

0 

0 

19 

0 

•0026 

23 

50 

8 

0 

. 

December  .  . 

•0019 

23  40 

19 

0 

January  .  . 

•0021 

1  0 

19 

0 

•0027 

0 

0 

8 

0 

•0026 

0 

0 

9 

0 

December  .  . 

•0015 

4  50 

18 

0 

January  .  . 

•0021 

1  10 

20 

0 

•0029 

0 

15 

18 

10 

•0028 

1 

0 

17 

40 

December  .  . 

•0017 

2  0 

18 

30 

Year. 


1841 


1842- 


1843- 


1844  < 


1845- 


1846^ 


1847- 


1848- 


1849- 


1850- 


1851- 


1852- 


Month. 


June  , 
July  . 


June  , 
July 


June  - 
July 


June 

July 


June 

July 


June 

July 


June 

July 


June 

July 


June 

July 


June  , 
July 


June  , 
July 


June 

July 


Gottingen  Mean  Solai  Time  is  greater  by  40m  than 
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Greenwich  expressed  as  factors  of  the  Mean  Horizontal  Magnetic  Force. 


Mean  Daily  Range  of  Horizontal  Force  in  the  Direction  Transversal  to  the  Astronomical  Meridian. 


In  Gottingen  Mean  Solar 

In  Gottingen  Mean  Solar 

Time. 

Time. 

Range  of 
transversal 

Approximate  Hour  of 

Range  of 

Approximate  Hour  of 

Month. 

Month. 

transversal 

Force. 

Maximum 

Maximum 

Force. 

Maximum 

Maximum 

Easterly 

Westerly 

Easterly 

Westerly 

Force. 

Force. 

Force. 

Force. 

h.  m. 

h. 

m. 

h. 

m. 

h.  m. 

June .  .  . 

•0036 

20  0 

2 

0 

July  .  .  . 

•0027 

20  0 

3 

0 

December  .  .  | 

•0016 

10 

0 

2  0 

January  .  . 

•0019 

12 

0 

1  50 

June  .  .  . 

•0026 

20  10 

3 

0 

July  .  .  . 

•0029 

20  10 

2 

10 

December  .  . 

•0016 

10 

0 

2  0 

January  .  . 

•0018 

12 

0 

2  0 

June .  .  . 

•0035 

20  30 

2 

10 

July  .  .  . 

•0036 

20  20 

2 

30 

December  .  . 

•0014 

10 

0 

2  0 

January  .  . 

•0016 

14 

0 

1  50 

June .  .  . 

•0033 

20  0 

2 

15 

July  .  .  . 

•0029 

20  0 

2 

0 

December  .  . 

•0014 

12 

0 

2  10 

January  .  . 

•0020 

14 

0 

1  50 

June .  .  . 

•0032 

20  0 

2 

20 

July  .  .  . 

•0036 

20  0 

2 

40 

December  .  . 

•0015 

10 

0 

2  0 

January  .  . 

•0018 

10 

20 

1  50 

June .  .  . 

•0038 

20  0 

2 

10 

July  .  .  . 

•0038 

20  20 

3 

0 

December  .  . 

•0015 

12 

0 

2  0 

January  .  . 

Obser 

vations 

inter 

rupted. 

June .  .  . 

•0034 

19  50 

3 

30 

July  .  .  . 

■0038 

19  30 

2 

20 

December  .  . 

■0026 

14 

0 

2  0 

January  .  . 

•0028 

10 

0 

2  20 

June .  .  . 

•0037 

20  30 

2 

10 

July  .  .  . 

•0041 

20  50 

2 

20 

December  .  . 

•0019 

13 

20 

2  0 

January  .  . 

•0022 

.  11 

0 

2  0 

June .  .  . 

•0041 

20  0 

3 

0 

July  .  .  . 

•0039 

20  20 

2 

40 

December  .  . 

•0015 

12 

0 

1  30 

January  .  . 

•0022 

10 

40 

2  30 

June .  .  . 

•0034 

20  0 

2 

0 

July.  .  . 

•0034 

20  30 

!  2 

0 

December  .  . 

•0012 

9 

0 

1  0 

January  .  . 

•0015 

10 

0 

2 

1  June  .  .  . 

•0027 

20  20 

2 

50 

July  .  .  . 

*0029 

20  40 

2 

10 

December  .  . 

0017 

9 

40 

1  0 

January  .  . 

•0015 

11 

0 

2  0 

June .  .  . 

•0028 

21  0 

2 

0 

July  .  .  . 

•0022 

21  0 

2 

10 

December  .  . 

•0015 

9 

40 

2  10 

Year. 


•  1841 


-1842 


■1843 


>1844 


>1845 


•  1846 


>1847 


J- 1848 
j>1849 
>1850 


>1851 


•1852 


Greenwich  Mean  Solar  Time  for  the  same  instant. 
MDCCCLXXXV, 
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Monthly  Means  of  Daily  Range  of  Horizontal  Magnetic  Force  at  Greenwich 


Mean  Daily  Range  of  Horizontal  Force  in  the  Direction  of  Astronomical  Meridian. 


Month. 

Range  of 
Meridian 
Force. 

In  Gottingen  Mean  Solar 
Time. 

Approximate  Hour  of 

Month. 

Range  of 
Meridian 
Force. 

In  Gottingen  Mean  Solar 
Time. 

Approximate  Hour  of 

Minimum 

Meridian 

Force. 

Maximum 

Meridian 

Force. 

Minimum 

Meridian 

Force. 

Maximum 

Meridian 

Force. 

h. 

m. 

h. 

m. 

h. 

ni. 

h. 

m. 

January  .  . 

•0019 

1 

10 

20 

0 

June  .  .  . 

•0031 

22 

50 

9 

50 

. 

July  .  .  . 

•0026 

23 

10 

7 

0 

December  .  . 

•0020 

3 

0 

19 

0 

January  .  . 

•0019 

1 

0 

19 

0 

June .  .  . 

•0021 

23 

40 

8 

0 

July  .  .  . 

•0024 

0 

0 

18 

0 

December  .  . 

•0012 

23 

10 

19 

0 

January  .  . 

■0014 

0 

0 

19 

0 

June  .  .  . 

•0020 

0 

0 

18 

0 

July  .  .  . 

•0022 

1 

0 

18 

0 

December  .  . 

•0015 

2 

0 

19 

0 

January  .  . 

•0014 

1 

0 

19 

0 

June .  .  . 

•0023 

23 

10 

17 

30 

July  .  .  . 

•0020 

0 

20 

19 

0 

December  .  . 

•0013 

2 

0 

20 

0 

!  January  .  . 

•0020 

0 

30 

20 

0 

June .  .  . 

■0027 

0 

0 

18 

0 

July  .  .  . 

•0025 

o 

0 

18 

0 

December  .  . 

•0020 

0 

0 

19 

0 

In  Greenwich  Mean  Solar 

In  Greenwich  Mean  Solar 

Time. 

Time. 

J  anuary  .  . 

•0024 

1 

0 

18 

0 

June .  .  . 

•0037 

23 

50 

16 

30 

• 

July  .  .  . 

•0033 

23 

0 

16 

40 

December  .  . 

•0023 

0 

0 

18 

0 

Januaiy  .  . 

•0028 

0 

o 

17 

30 

June .  .  . 

•0032 

0 

0 

17 

0 

July  .  .  . 

•0031 

1 

0 

16 

0 

December  .  . 

•0023 

0 

0 

18 

0 

January  .  . 

•0026 

1 

0 

17 

0 

June  .  .  . 

•0034 

22 

40 

6 

30 

July  .  .  . 

•0035 

23 

50 

13 

0 

December  .  . 

*0020 

0 

0 

17 

0 

January  .  . 

•0031 

0 

0 

18 

0 

June .  .  . 

•0025 

0 

10 

7 

0 

July  .  .  . 

Ohser 

vations 

inter 

rupted. 

December  .  . 

•0021 

0 

0 

18 

0 

January  .  . 

•0014 

0 

0 

17 

0 

June  .  . 

•0028 

22 

50 

8 

0 

July  .  .  . 

•0024 

20 

0 

6 

0 

December  .  . 

•0014 

0 

0 

18 

0 

January  .  . 

•0014 

23 

0 

17 

0 

June  .  .  . 

•0033 

23 

0 

6 

0 

July  .  .  . 

•0028 

22 

40 

7 

30 

1 

December  .  . 

•0013  ! 

0 

0 

10 

30 

Year. 


1853- 


1854< 


1855 


1856 


1857< 


1858< 


1859 


1860< 


1861  - 


1862  ■< 


1863- 


1864 


Observations  interrupted  during  construction  of  the  Magnetic  Basement. 


Gottingen  Mean  Solar  Time  is  greater  by  40m  than 
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expressed  as  factors  of  the  Mean  Horizontal  Magnetic  Force  (continued). 


Mean  Daily  Range  of  Horizontal  Force  in  the  Direction  Transversal  to  the  Astronomical  Meridian. 


Month. 

Range  of 
Transversal 
Force. 

In  Gottingen  Mean  Solar 
Time. 

Approximate  Hour  of 

Month. 

Maximum 

Easterly 

Force. 

Maximum 

W esterly 
Force. 

h. 

m. 

h.  m. 

January  .  . 

June.  . 

■0032 

21 

0 

3  0 

July  .  .  . 

•0030 

19 

40 

2  50 

December  .  . 

January  .  . 

.Tune  .  .  . 

•0027 

20 

50 

2  20 

July  .  .  . 

•0026 

22 

0 

3  0 

December  .  . 

January  .  . 

June .  .  . 

•0021 

21 

0 

2  10 

July  .  .  . 

•0017 

19 

50 

2  0 

December  .  . 

January  .  . 

June  .  .  . 

•0022 

21 

0 

2  10 

July  .  .  . 

•0022 

21 

0 

2  15 

December  .  . 

January  .  . 

June  .  .  . 

•0013 

21 

0 

15  0 

July  .  .  . 

•0011 

6  20 

In  Greenwiel 
Tir 

2  0 

Mean  Solar 
ne. 

December  .  . 

January  .  . 

June  .  .  . 

•0022 

20 

40 

2  0 

July  .  .  . 

•0028 

20 

0 

2  10 

December  .  . 

January  .  . 

June .  .  . 

•0036 

19 

30 

2  20 

July  .  .  . 

•0032 

20 

0 

2  10 

December  .  . 

J  anuary  .  . 

June .  .  . 

•0041 

19 

30 

1  30 

July  .  .  . 

•0038 

19 

0 

•2  20 

December  .  . 

January  .  . 

June  .  .  . 

•0034 

19 

30 

2  30 

July  .  .  . 

Obser 

vations 

inter 

rupted. 

December  .  . 

January  .  . 

June  .  .  . 

•0037 

19 

40 

2  0 

July  .  .  . 

•0030 

20 

0 

3  30 

|  December  .  . 

1  January  .  . 

June .  .  . 

•0033 

19 

50 

2  20 

July  .  .  . 

•0030 

20 

0 

2  0 

December  .  . 

Range  of 
Transversa 
Force. 


0014 

0015 

0019 

0013 

0015 

0012 

0010 

0013 

0014 

0012 


0012 

0014 

0013 

0014 

0012 

0018 

0015 

0019 

0020 

0011 

0026 

0020 


In  Gottingen  Mean  Solar 
Time. 

Approximate  Hour  of 


Year. 


Maximum  Maximum 


Easterly 
F  orce. 


Westerly 

Force. 


h.  m 
12  0 


10  20 
9  0 

10  0 
12  0 

9  20 
7  0 

9  0 

11  0 

9  40 


h.  m. 
2  0 


■1853 


20  0 

1  0 

1  0  |j 

2  30  1 

1  0 
18  30 

1  3 

0  0 

1  30 


1854 


.1855 


■  1856 


■1857 


In  Greenwich  Mean  Solar 
Time. 


9  30 

9  30 
9  20 

10  0 
9  0 

10  0 
10  0 

10  0 
12  0 

13  0 

10  0 

10  0 


1  0 

2  0 
1  30 

1  30 

2  0 

2  0 
0  30 

1  0 
1  50 

1  30 
1  0 

1  0 


Observations  interrupted  during  construction  of  the  Magnetic  Basement,, 
Greenwich  Mean  Solar  Time  for  the  same  instant, 

4  T  2 


1858 


>1859 


.I860 


■  1861 


•1862 


1863 


1864 
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Monthly  Means  of  Daily  Range  of  Horizontal  Magnetic  Force  at  Greenwich 


Mean  Daily  Eange  of  Horizontal  Force  in  the  Direction  of  Astronomical  Meridian. 


Year. 

Month. 

Eange  of 
Meridian 
Force. 

In  Greenwich  Mean  Solar 
Time. 

Approximate  Hour  of 

Minimum 

Meridian 

Force. 

Maximum 

Meridian 

Force. 

h.  m. 

h.  m. 

I860J 

June .  .  . 
July  .  .  . 

•0025 

•0024 

23  30 

22  10 

11  0 

7  0 

1866 

June  .  .  . 

J  uly  .  . 

•0020 

•0022 

0  0 

22  10 

7  30 

7  0 

1867^ 

June .  .  . 
July  .  .  . 

•0024 

•0022 

23  0 

23  0 

7  0 

9  0 

1868-j 

June .  .  . 
July  .  .  . 

•0025 

•0026 

23  0 

0  0 

7  0 

8  0 

OO 

ca 

CO 

June .  .  . 
July  .  .  . 

•0036 

•0033 

23  0 

22  30 

l  0 

7  0 

0 

r— 

00 

June .  .  . 
July  .  .  . 

•0041 

•0037 

23  0 

23  0 

7  0 

7  0 

1871-j 

June .  .  . 
July  .  .  . 

•0035 

•0036 

0  0 

23  40 

7  0 

7  0 

1872^ 

1 

June .  .  . 

July  .  .  . 

•0037 

•0031 

23  0 

0  10 

7  0 

7  0 

OO 

CO 

June .  .  . 

July  .  .  . 

•0027 

•0031 

23  30 

22  30 

7  10 

6  50 

i- 

OO 

June .  .  . 
July  .  .  . 

•0024 

•0023 

23  0 

23  0 

6  20 

7  30 

1875  j 

June  .  .  . 
July  .  .  . 

•0019 

•0021 

23  0 

23  0 

7  20 

7  30 

r 

1876  < 

June  .  .  . 
July  .  .  . 

•0018 

•0020 

22  30 

23  30 

8  0 

7  0 

Month. 

Range  of 
Meridian 
Force. 

In  Greenwich  Mean  Solar 
Time. 

Approximate  Hour  of 

Minimum 

Meridian 

Force. 

Maximum 

Meridian 

Force. 

h. 

m. 

h. 

m. 

January  .  . 

Obser 

vations 

inter 

rupted. 

December  .  . 

•0009 

23 

10 

18 

0 

Janaary  .  . 

•0011 

0 

0 

19 

0 

December  .  . 

•0008 

23 

0 

18 

0 

January  .  . 

•0010 

23 

20 

8 

0 

December  .  . 

•0009 

23 

0 

18 

0 

J  anuary  .  . 

•0007 

0 

0 

19 

0 

December  .  . 

•0010 

23 

20 

18 

0 

January  .  . 

•0014 

23 

50 

19 

0 

December  .  . 

•0012 

23 

0 

17 

0 

J  anuary  .  . 

•0016 

23 

40 

17 

0 

December  .  . 

•0017 

0 

30 

18 

0 

J  anuary  .  . 

•0019 

0 

0 

11 

0 

December  .  . 

■0017 

23 

30 

18 

0 

January  .  . 

•0017 

0 

0 

18 

0 

December  .  . 

•0010 

0 

0 

18 

0 

January  .  . 

•0017 

0 

0 

18 

0 

December  .  . 

•0008 

23 

20 

17 

30 

J  anuary  .  . 

•0011 

0 

0 

18 

0 

December  .  . 

•0007 

0 

0 

18 

30 

January  .  . 

•0007 

23 

0 

18 

30 

December  .  . 

•0008 

23 

20 

20 

0 

J  anuary  .  . 

•0009 

0 

0 

19 

0 

December  .  . 

•0006 

0 

0 

19 

0 
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expressed  as  factors  of  the  Mean  Horizontal  Magnetic  Force  (continued). 


Mean  Daily  Range  of  Horizontal  Force  in  the  Direction  Transversal  to  the  Astronomical  Meridian. 


Month, 

Range  of 
Transversal 
Force. 

|| 

In  Greenwich  Mean  Solar 
Time. 

Approximate  Hour  of 

Maximum 

Easterly 

Force. 

Maximum 
Westerly  j 
Force.  1 

h. 

m. 

b. 

in. 

June .  .  . 

•0032 

20 

0 

2 

0 

July  .  .  . 

•0028 

18 

50 

2 

0 

June  .  .  . 

•0029 

19 

30 

2 

30 

July  .  .  . 

•0029 

19 

30 

2 

10 

June  .  .  . 

•0027 

20 

0 

i 

40 

July  .  .  . 

•0026 

20 

0 

2 

0  j 

June  .  .  . 

•0029 

20 

0 

2 

0 

July  .  .  . 

*0030 

19 

30 

2 

0 

June .  .  . 

•0042 

19 

50 

2 

10 

July  ,  .  . 

•0038 

19 

30 

2 

30 

June  .  .  . 

•0046 

20 

10 

2 

10 

July  .  .  . 

•0047 

20 

0 

2 

10 

June .  .  . 

•0046 

20 

10 

2 

20 

July  .  .  . 

•0043 

20 

0 

2 

30 

June  .  .  . 

•00  4 

20 

0 

2 

0 

July  .  .  . 

•0038 

20 

0 

2 

10 

June  .  .  . 

•0032 

20 

30 

2 

50 

July  .  .  . 

•0036 

20 

0 

2 

20 

June .  .  . 

•0032 

19 

50 

2 

0 

July  .  .  . 

•0033 

20 

20 

2 

0 

June .  .  . 

■0027 

19 

40 

2 

0 

July  .  .  . 

•0024 

20 

0 

2 

10 

June  .  .  . 

•0029 

19 

30 

2 

20 

July  .  .  . 

•0030 

19 

20 

2 

0 

Month. 


January 

December  . 
January 

December  . 
January 

December  . 
J  anuary 

December  . 
January 

December  . 
January 

December  . 
January 

December  . 
January 

December  . 
January 

December  . 
January 

December  . 
January 

December  . 
January 

December  . 


Range  of 
Transversal 
Force. 


Obser 

•0015 

•0019 

•0013 

•0013 

•0012 

•0016 

•0017 

•0018 

•0015 

•0020 

•0017 

•0021 

•0019 

•0023 

•0022 

•0026 

•0017 

•0021 

•0012 

•0014 

•0012 

•0014 

•0012 


In  Greenwich  Mean  Solar 
Time. 

Approximate  Hour  of 

Maximum 

Easterly 

Force. 

Maximum 

Westerly 

Force. 

h. 

m. 

h. 

m. 

vations 

inter 

rupted. 

L 

10 

so 

1 

0  i 

10 

40 

1 

0  1 

9 

0 

1 

0  J 

10 

20 

1 

0  1 

9 

0 

1 

.  J 

10 

o 

1 

0  1 

10 

0 

1 

30  J 

12 

10 

2 

°  1 

10 

30 

1 

0  I 

10 

20 

1 

0  1 

10 

40 

2 

»  J 

11 

10 

2 

0  1 

12 

0 

1 

30  J 

11 

10 

2 

°  1 

11 

0 

1 

0  V 

10 

30 

2 

0  1 

11 

0 

1 

.  J 

11 

0 

1 

0  1 

10 

30 

1 

o  i 

10 

50 

1 

0  1 

10 

0 

1 

.  J 

10 

0 

1 

0  1 

9 

30 

1 

»  J 

Y  ear. 


■  1865 


■  1866 


1867 


1868 


■  1869 


1870 


■1871 


1872 


■1873 


■1874 


■1875 


■1876 
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XIV.  On  Radiant  Matter  Spectroscopy. — Part  II.  Samarium. 
By  William  Crookes,  F.R.S. 


Received  May  21, — Read  June  18,  1885. 

[Plate  75.] 

Introduction. 

90.  In  the  concluding  sentence  of  the  Bakerian  Lecture  which  I  had  the  honour  to 
deliver  before  the  Royal  Society,  May  31,  1883,  I  said  that  the  new  method  of 
Radiant  Matter  Spectroscopy  there  described  had  given  me  not  only  spectrum  indica¬ 
tions  of  the  presence  of  yttrium  as  an  almost  invariable,  though  very  minute,  con¬ 
stituent  of  a  large  number  of  minerals,  but  had  likewise  revealed  signs  of  another 
spectrum-yielding  element.  I  stated  that  I  had  repeatedly  seen  indications  of  another 
very  beautiful  spectrum  characterised  by  a  strong  red  and  a  double  orange  band. 
That  this  second  spectrum  was  not  then  new  to  me  is  shown  by  a  paper  sent  to  the 
Royal  Society  in  1881,'“  in  which  I  described  a  double  orange  band  occurring  in  the 
phosphorescent  spectrum  of  an  earth  less  frequently  met  with  than  the  “  pale  yellowish 
coloured  earth  ”  (since  identified  as  yttria)  which  gave  me  the  “  red,  orange,  citron,  and 
green  bands.” 

Fig.  1. 


91.  The  method  adopted  to  bring  out  the  orange  band  is  to  treat  the  substance 
under  examination  with  strong  sulphuric  acid,  drive  off  excess  of  acid  by  heat,  and 
finally  to  raise  the  temperature  to  dull  redness.  It  is  then  put  into  a  radiant  matter 
tube,  of  the  form  shown  in  fig.  1,  and  the  induction  spark  is  passed  through  it  after 
the  exhaustion  has  been  pushed  to  the  required  degree.  The  anhydrous  sulphate  thus 


*  Proc.  Roy.  Soc.,  vol.  xxxii.  (1881),  p.  206. 
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left  frequently  shows  the  orange  band  in  the  radiant  matter  tube,  though  before  this 
treatment  the  original  substance  shows  nothing. 

The  Elimination  of  Mercury  Vapour  from  Vacuum  Tubes. 

92.  The  presence  of  mercury  vapour  is  liable  to  interfere  with  the  spectrum  indica¬ 
tions,  and  when  working  in  an  entirely  new  field,  where  the  mutual  reaction  of  bodies 
one  on  the  other  is  the  subject  of  the  research,  it  is  always  desirable  to  reduce  the 
unavoidable  constants  to  a  minimum.  In  a  tube  exhausted  in  the  ordinary  manner 
by  the  Sprengel  pump  more  mercury  vapour  is  present  than  is  generally  supposed. 
Unless  the  tube  is  exhausted  and  sealed  off  without  loss  of  time,  mercury  diffuses 
through  the  connecting  tubes,  and  soon  gets  into  the  vessel  under  experiment.  It  is 
not  easily  detected  by  the  spectroscope  so  long  as  the  tube  remains  cold,  but  when  the 
passage  of  the  current  has  warmed  the  glass  and  the  metal  poles  the  mercury  lines 
become  distinctly  visible,  and  the  same  result  is  obtained  at  once  when  the  tube  is 
heated  by  a  lamp.'”' 

The  following  experiment  illustrates  this  behaviour  of  mercury :  — A  small  radiant 
matter  tube,  having  flat  aluminium  poles  connected  to  platinum  terminals  passing 

*  In  incandescent  lamps  exhausted  by  means  of  a  mercury  pump,  a  peculiar  blue  phosphorescence  is 
observed  to  fill  the  globe  when  the  filament  is  raised  much  above  its  normal  incandescence.  This  pheno¬ 
menon  has  been  examined  and  discussed  by  Mr.  Edison  in  America  and  by  Mr.  Preece  in  England  (Proc. 
Roy.  Soc.,  vol.  xxxviii.,  No.  236,  p.  219).  During  the  course  of  my  work  on  the  manufacture  of  incan¬ 
descent  lamps  I  have  frequently  noticed  the  same  effect.  Examined  in  the  spectroscope  the  phosphorescent 
light  filling  the  globe  shows  the  mercury  lines  strongly.  In  order  to  examine  this  phenomenon  more 
closely  the  following  experiments  were  tried  An  incandescent  lamp  with  fine  carbon  filament  which 
had  been  plated  up  in  vapour  of  carbon  tetrachloride  was  placed  in  one  of  the  sides  of  a  Wheatstone 
bridge  and  connected  with  a  dynamo- electric  machine,  where  by  means  of  a  suitable  rheostat  it  could  be 
raised  to  any  desired  degree  of  incandescence.  A  spectroscope  was  adjusted  so  that  the  slit  was  opposite 
the  rarefied  space  between  the  two  limbs  of  the  filament.  With  an  E.M.P.  of  64’5  volts,  a  current  of 
0'97  ampere,  and  alight  of  twenty  candles,  no  lines  were  visible  in  the  spectrum;  on  increasing  the 
volts  to  73'6  the  current  became  1T5  amperes,  and  the  c.  p.  43.  At  this  stage  flashes  of  blue  phosphor¬ 
escence  filled  the  bulb  at  regular  intervals  of  about  ten  seconds,  and  at  the  same  instant  the  mercury 

lines  were  seen  in  the  spectroscope,  2984,  3006,  3354,  and  5265  being  most  prominent.  On  increasing 

the  E.M.E.  to  8T3  volts,  the  current  became  T28  amperes,  and  the  light  seventy-four  candles,  the  flashes  of 
phosphorescent  light  became  more  frequent,  pulsating  very  regularly  once  every  three  seconds,  and  at 
each  flash  showing  the  mercury  spectrum  strongly.  The  E.M.F.  was  next  increased  to  99' 7  volts,  and  the 
amperes  to  1*83 ;  at  this  point  the  light  was  equal  to  172  candles.  The  flashes  of  light  became  more  and 
more  frequent,  rising  quickly  from  once  in  two  seconds  till  they  occurred  too  rapidly  to  count,  and  the 
blue  phosphorescence  became  continuous  and  seemed  to  fill  the  globe.  The  mercury  spectrum  at  this 
stage  was  permanent,  and  most  of  its  lines  could  be  detected.  The  flashes  of  light  were  probably  owing 
to  some  such  action  as  this : — the  hot  filament  offering  a  considerable  resistance  to  the  passage  of  the 
current,  the  long  length  of  insulated  wire  in  the  circuit  (about  half  a  mile,  including  the  lamps  used  for 
house-lighting)  charged  up  like  a  condenser  and  then  at  intervals  discharged  through  the  highly  rarefied 
vapour  in  the  bulb. 
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through  the  glass,  was  sealed  to  the  pump  and  quickly  exhausted.  An  induction 
current  was  immediately  passed  through,  and. the  light  examined  in  the  spectroscope. 
No  mercury  lines  were  detected.  The  tube  was  then  heated  strongly,  the  spectro¬ 
scopic  examination  being  continued  :  no  mercury  lines  were  seen.  The  apparatus  was 
then  allowed  to  rest  for  a  clay,  and  the  experiments  were  repeated.  In  the  cold  no 
mercury  lines  could  be  seen,  but  on  heating  the  tube  they  became  distinctly  visible. 

93.  The  tube  was  then  exhausted  to  the  highest  possible  point,  and  sealed  off.  In 
the  cold  it  was  impossible  to  get  an  induction-spark  through  the  tube — it  was 
absolutely  non-conducting.  However,  on  heating  the  tube  with  a  Bunsen  flame, 
keeping  the  coil  going  all  the  time,  suddenly  the  current  passed,  lighting  up  the 
inside  of  the  tube  with  a  greenish- blue  light,  in  which  the  spectroscope  showed  strong 
mercury  lines.  On  allowing  the  tube  to  cool  it  again  became  non-conducting,  and  the 
experiment  could  be  repeated. 

This  shows  that  in  a  vacuum-tube  which  is  so  highly  exhausted  as  to  be  non¬ 
conducting  there  is  plenty  of  mercury  present  to  carry  au  induction  current,  only  it  is 
not  in  the  form  of  vapour,  but  is  condensed  on  the  metallic  poles  or  on  the  sides  of 
the  glass. 

94.  It  is  much  more  difficult  than  is  generally  supposed  to  keep  mercury  vapour 
from  diffusing  itself  into  the  experimental  tubes.  Gold-leaf  was  packed  loosely  in  a 
tube  about  2  feet  long,  which  was  then  interposed  between  the  pump  and  the  radiant 
matter  tube.  This  answered  for  a  short  time,  but  whilst  it  certainly  kept  back  some 
of  the  mercury,  it  let  much  through. 

For  a  long  time  I  used  a  tube  about  2  feet  long,  packed  with  coarsely  powdered 
sulphur.  This  is  effectual  at  first,  but  there  is  a  liability  of  sulphur  vapour  getting 
into  the  tube,  and  this  might  be  as  disastrous  as  mercury.  The  sulphur  was  therefore 
kept  out  by  interposing  another  tube  containing  finely  divided  copper.  This,  however, 
was  not  quite  effectual :  after  a  time  mercury  was  found  to  have  run  the  gauntlet  of 
both  sulphur  and  copper.  It  is  of  no  use  trusting  to  a  solid  reagent  to  absorb  a 
gaseous  body.  Where  the  gas  and  solid  meet  there  may  be  action,  but  some  of  the 
gaseous  molecules  are  sure  to  get  through  without  coming  within  the  solid’s  sphere  of 
attraction. 

95.  I  finally  adopted  the  following  plan,  which  answers  perfectly  so  far  as  my 
experiments  have  yet  gone  : — Sulphur  is  first  prepared  by  keeping  it  fused  at  a  high 
temperature  till  bubbles  cease  to  come  off,  so  as  to  get  rid  of  water  and  hydrogen 
compounds.  It  is  then  allowed  to  cool,  and  is  then  pounded  and  sifted  so  as  to  get  it 
in  the  form  of  granules  averaging  a  millimetre  in  diameter.  A  glass  tube,  a 
centimetre  in  diameter  and  about  2  feet  long,  is  lightly  packed  for  half  its  length 
with  this  sulphur,  and  next  about  2  inches  of  iodide  of  sulphur  (LSo)  is  added,  and 
the  rest  of  the  tube  is  then  filled  up  with  sulphur.  Ignited  asbestos  is  packed  in  at 
each  end  to  keep  the  sulphur  from  blowing  out  whilst  the  vacuum  is  being  made,  or 
from  being  sucked  through  when  air  is  suddenly  let  in.  This  contrivance  entirely 
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keeps  mercury  vapour  from  passing  through,  since  the  iodide  of  sulphur  holds  its 
iodine  very  loosely,  and  fixes  the  mercury  in  the  form  of  non-volatile  red  iodide.  A 
glass  tube  containing  finely  divided  copper  must  follow  in  order  to  keep  sulphur  out. 
With  this  blockade  interposed  between  the  pump  and  experimental  tubes  I  have  been 
unable  to  detect  mercury  vapour  in  any  of  the  tubes,  whether  in  the  cold  or  on 
heating  them. 

Mixed  “  Citron  ”  and  “  Orange  ”  Spectra. 

96.  Since  the  date  of  my  last  paper  I  have  devoted  myself  to  the  task  of  solving 
the  problem  presented  by  the  double  orange  band  first  observed  in  1881.  With  the 
yttrium  experience  as  a  guide  it  might  be  thought  this  would  not  be  a  difficult  task, 
but  in  truth  it  helped  me  little  beyond  increasing  my  confidence  that  the  new  like 
the  old  spectrum  was  characteristic  of  an  element.  The  extreme  sensitiveness  of  the 
test  is  a  drawback  rather  than  a  help.  To  the  inexperienced  eye  one  part  of  “  orange 
band  ”  substance  in  ten  thousand  gives  as  good  an  indication  as  one  part  in  ten,  and 
by  far  the  greater  part  of  the  chemical  work  undertaken  in  the  hunt  for  the  spectrum¬ 
forming  element  has  been  performed  upon  material  which  later  knowledge  shows  does 
not  contain  sufficient  to  respond  to  any  known  chemical  test.  It  is  as  if  the  element 
sodium  were  to  occur  in  ponderable  quantity  only  in  a  few  rare  minerals  seldom  seen 
out  of  the  collector’s  cabinet.  With  only  the  yellow  line  to  guide,  and  seeing  the 
brilliancy  with  which  an  imponderable  trace  of  sodium  in  a  mineral  declares  its 
presence  in  the  spectrum,  I  venture  to  think  that  a  chemist  would  have  about  as  stiff 
a  hunt  before  he  caught  his  yellow  line  as  I  had  to  bring  my  orange  and  citron  bands 
to  earth. 

Chemistry,  except  in  few  instances,  as  water-analysis  and  the  detection  of  poisons, 
where  necessity  has  stimulated  minute  research,  takes  little  account  of  “  traces and 
when  an  analysis  adds  up  to  9 9 '9 9,  the  odd  O'Ol  per  cent,  is  conveniently  put  down  to 
“impurities,”  “  loss,”  or  “errors  of  analysis.”  When,  however,  the  99-99  percent, 
constitutes  the  impurity  and  this  exiguous  0‘01  is  the  precious  material  to  be  extracted, 
and  wdien,  moreover,  its  chemistry  is  absolutely  unknown,  the  difficulties  of  the 
problem  become  enormously  enhanced.  Insolubility  as  ordinarily  understood  is  a 
fiction,  and  separation  by  precipitants  is  nearly  impossible.  A  new  chemistry  has  to 
be  slowdy  built  up,  taking  for  data  uncertain  and  deceptive  indications,  marred  by  the 
interfering  power  of  mass  in  withdrawing  soluble  salts  from  a  solution,  and  the 
solubility  of  nearly  all  precipitates  in  water  or  in  ammoniacal  salts  when  present  in 
traces  only.  What  is  here  meant  by  “  traces  ”  will  be  better  understood  if  I  give  an 
instance.  After  six  months’  work  I  obtained  the  earth  didymia  in  a  state  which  most 
chemists  would  call  absolutely  pure,  for  it  contained  not  more  than  one  part  of 

*So  recently  as  the  year  1880  a  high  authority  on  blowpipe  chemistry  seriously  argued  that  the  yellow 
coloured  flame  “  which  is  ascribed  to  sodium  ”  is  not  caused  by  that  metal,  but  is  due  to  “  chemical 
water.”  (‘  Chemical  Hews,’  vol.  sli.,  p.  159,  April  2,  1880.) 
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impurity  in  five  hundred  thousand  parts  of  didymia  (131).  But  this  one  part  in  half 
a  million  profoundly  altered  the  character  of  didymia  from  a  radiant-matter-spectro¬ 
scopic  point  of  view,  and  the  persistence  of  this  very  minute  quantity  of  interfering 
impurity  entailed  another  six  months’  extra  labour  to  eliminate  these  final  “  traces  ” 
and  to  ascertain  the  real  reaction  of  didymia  pure  and  simple  (131). 

For  a  long  time  the  “  citron-band  ”  and  the  “  orange-band  ”  spectra  were  confounded. 
That  they  were  due  to  two  different  states  or  kinds  of  matter  was  not  easily  decided, 
since  in  all  the  early  experiments  I  was  dealing  with  a  mixture ;  consequently  the 
spectra  obtained  were  not  only  mixed  but  differed  considerably  in  the  relative 
intensities  and  faintness  of  the  different  lines  (146). 

97.  At  last  having  separated  yttria  and  obtained  its  spectrum  pure  (71),  the 
characteristic  lines  in  the  other  spectrum  or  spectra  could  be  provisionally  mapped  out 
by  difference,  and  a  systematic  hunt  was  instituted  for  the  new  “  orange  band 
substance,  which  to  avoid  periphrasis  was  termed  x.  Naturally  my  thoughts  turned 
to  samarskite  and  the  yttria  earths.  A  wide,  prolonged  survey  over  every  available 
substance  had  convinced  me  that  the  number  of  bodies  giving  a  discontinuous  phos¬ 
phorescent  spectrum  is  extremely  limited,  and  to  be  counted  on  the  fingers  of  one  hand  ; 
and  having  satisfactorily  mated  one  of  these  spectra  to  yttria  it  became  in  the  highest 
degree  probable  that  the  twin  spectrum  should,  belong  to  one  of  the  nearest  chemical 
associates  of  yttria. 

Chemistry  of  the  “  Orange-Band  ”  forming  Body. 

98.  At  first  it  was  necessary  to  take  stock,  as  it  were,  of  all  the  facts  regarding  x 
which  had  turned  up  during  the  search  for  the  orange  band.  In  the  first  place  x  is 
almost  as  widely  distributed  as  yttria,  generally  occurring  with  the  latter  earth. 
Sometimes,  however,  the  orange  band  was  strong  where  the  citron  band  was  almost  or 
quite  absent.  It  is  almost  certainly  one  of  the  earthy  metals,  as  it  occurs  in  the 
insoluble  oxalates,  in  the  insoluble  double  sulphates,  and  in  the  precipitate  with 
ammonia.  It  is  not  precipitated  by  sodic  thiosulphate,  and,  moreover,  it  must  be 
present  in  very  minute  quantities,  since  the  ammonia  precipitate  is  always  extremely 
small,  and  as  a  rule  x  is  not  found  in  the  filtrate  from  this  precipitate. 

99.  At  this  stage  of  the  enquiry  the  chemical  reaction  of  x  were  much  more  puzzling 
than  with  yttria.  At  the  outset  an  anomaly  presented  itself.  The  orange  band  was 
prone  to  vanish  in  a  puzzling  manner.  Frequently  an  accumulation  of  precipitates 
tolerably  rich  in  x  was  worked  up  for  purposes  of  concentration,  when  the  spectrum 
reaction  suddenly  disappeared,  showing  itself  neither  in  precipitate  nor  filtrate  (3,  101, 
108,  115);  whilst  on  other  occasions,  when  following  apparently  the  same  procedure, 
the  orange  band  became  intensified  and  concentrated  with  no  apparent  loss.  The 
behaviour  of  the  sulphate  to  water  was  also  very  contradictory  ;  on  some  occasions  it 
appeared  to  be  almost  insoluble,  whilst  occasionally  it  dissolved  in  water  readily  (115). 

100.  For  some  time  I  debated  whether  the  orange-band  spectrum  might  not  be  a 
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mere  modification  of  the  yttrium  spectrum  induced  by  the  presence  of  some  extra¬ 
neous  body.  We  know  that  yttria  per  se  has  little  or  no  phosphorescence  (75),  that 
this  power  chiefly  resides  in  the  ignited  sulphate.  Might  it  not  happen  that  some 
other  earth  with  molecules  peculiarly  sensitive  to  the  longer  vibrations  would  confer 
upon  yttria  some  of  its  sensitiveness  to  the  red  end  of  the.  spectrum  ? 

It  would  be  too  much  like  a  repetition  of  my  paper  on  the  yttrium  spectrum  quest 
were  I  to  detail  the  numerous  experiments  and  false  starts  with  samarskite,  orangite, 
thorite,  strontianite,  coelestine,  perofskite,  cerite,  coral,  &c.  ;  but  I  may  be  permitted 
to  extract  from  an  enormous  mass  of  chronicles  which  must  remain  unpublished,  some 
few  experiments  which  will  usefully  emphasize  what  I  may  call  the  nodal  points  in 
this  research. 

“  X”  from  Samarskite. 

101.  It  was  to  be  expected  that  samarskite  would  contain  x.  It  occurred,  however, 
very  little  in  the  yttria  group,  but  was  found  with  the  decipia  residues  (47,  49),  or  the 
earths  forming,  with  potassium,  insoluble  double  sulphates, — ceria,  lanthana,  didymia, 
decipia,  samaria,,  together  with  a  little  thoria  and  zirconia.  These  residues  were 
dissolved  in  hydrochloric  acid,  precipitated  with  ammonia,  washed  till  free  from 
potassic  salts,  re-dissolved,  and  precipitated  as  oxalates.  The  filtrate  was  set  aside  in 
Winchester  quart  bottles,  and  after  standing  for  some  weeks  a  further  quantity  of 
insoluble  oxalates  was  found  deposited  at  the  bottom  of  the  bottles.  These  were 
collected,  and  appeared  to  be  very  rich  in  x ;  but  on  attempting  to  work  them  up 
vexatious  anomalies  constantly  started  up  :  suddenly  the  orange  band  would  disappear, 
and  after  being  lost  sight  of  for  a  week  or  two,  would  return  in  a  manner  equally 
unaccountable  (  3,  99,  108,  115). 

Thorite  and,  Orangite. 

102.  Early  in  my  research  thorite  and  orangite  (26)  had  given  a  brilliant  spectrum, 
afterwards  identified  with  that  of  yttria  (70).  When  hunting  for  x  some  of  the 
insoluble  double  sulphates  from  these  minerals  (32)  were  treated  like  the  samarskite 
double  sulphates  to  remove  potassium  (101),  and  examined  in  the  radiant  matter  tube. 
Here,  also,  was  found  the  orange-band  spectrum,  quite  different  from  the  yttrium 
spectrum  of  the  soluble  sulphates ;  but,  as  usual,  it  behaved  in  a  most  capricious 
manner. 

Perofskite. 

103.  An  American  friend,  Mr.  George  F.  Kunz,  with  great  kindness  sent  me  some 
pounds’  weight  of  the  rare  mineral  perofskite  (calcic  titanate),  in  fine  crystals,  from 
Magnet  Cove,  Arkansas,  together  with  a  huge  number  of  specimens  of  associated 
minerals  from  the  same  locality.  The  perofskite  was  found  to  be  richer  in  x  than  any 
mineral  yet  examined.  At  great  sacrifice  of  material  a  small  portion  of  an  earthy 
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body  was  obtained  giving  the  orange- band  spectrum  more  brilliantly  than  I  ever  had 
seen  it  before.  Analysis  failed  to  detect  anything  in  it  but  lime  (5,9),  the  flame 
spectrum  showed  lime,  and  the  atomic  weight  came  out  RO  =  55‘3,  CaO  being  56. 

Calcite. 

104.  Mr.  Lettsom,  understanding  I  was  engaged  in  quest  of  an  unknown  body 
supposed  to  be  associated  with  calcium,  most  kindly  sent  me  specimens  of  rare  and 
curious  minerals;  and  through  his  good  offices  Professor  Albin  Weisbacti  presented 
me  with  an  extensive  set  of  balcites  ;  these,  prior  to  the  invention  of  the  spectroscope, 
had  been  measured  by  Professor  A.  Breithaupt,  who,  owing  to  the  discordant 
measurements,  held  what  is  known  as  “  calcium  ”  to  consist  of  two  or  more  allied 
elements,  which  as  yet  chemists  were  unable  to  separate. 

These  calcites  were  treated  as  usual  and  examined  most  carefully  in  the  radiant 
matter  tube.  In  one  of  them  only  was  a  trace  of  yttria  found,  but  the  orange-band 
spectrum  was  very  faintly  seen  in  six  of  the  thirteen  specimens.  The  others  shone 
with  the  usual  greenish-blue  phosphorescence  of  calcic  sulphate,  giving  no  lines  or 
bands  in  the  spectrum. 

I  am  also  indebted  to  Mr.  Lettsom  for  a  specimen  of  calcite  from  Branchville,  S. 
Carolina,  which,  when  heated,  has  the  curious  property  of  glowing  strongly  with  a 
golden-yellow  light  showing  a  faint  continuous  spectrum.  In  the  radiant  matter  tube 
the  phosphorescence  was  very  brilliant,  but  there  was  no  discontinuity  in  the  spectrum, 
only  a  concentration  of  light  in  the  red  portion. 

Dolomite. 

105.  Another  curious  mineral,  for  which  I  am  also  indebted  to  Mr.  Lettsom,  is  a 
granular  dolomite  from  Utah.  When  scratched  with  a  knife  or  struck  with  a  pick  it 
emits  so  strong  a  phosphorescent  red  light  that  the  miners  call  it  Hell-fire  Rock. 
By  itself  in  the  radiant  matter  tube  it  brightly  phosphoresces  with  a  reddish  light, 
showing  no  bands,  but  a  concentration  of  light  in  the  red.  Treated  with  sulphuric 
acid  in  the  usual  manner,  and  then  examined  in  a,  vacuum  tube,  a  similar  continuous 
spectrum  was  observed.  Chemical  analysis  showed  that  it  was  a  nearly  pure  double 
calcic  and  magnesic  carbonate,  with  a  little  iron,  alumina,  and  phosphoric  acid. 

Amongst  other  minerals  found  to  give  the  orange  band  spectrum  I  may  mention 
zircon,  euxenite,  tyrite,  fergusonite,  rhabdophane,  cerussite,  apatite,  galliferous 
blende,  argentiferous  galena,  anglesite,  harmotome,  allanite,  cerite,  magnesite,  oolite 
from  Bath,  &c. 

Coral . 

106.  In  my  former  paper  (88)  I  mentioned  that  a  specimen  of  pink  coral  contained 
about  a  half  per  cent,  of  yttria,  judging  from  the  very  strong  yttrium  spectrum  it 
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gave  in  the  vacuum  tube.  Professor  Martin  Duncan  has  identified  this  specimen  as 
a  Gorgonia  of  the  genus  Melithcea.  Another  recent  coral,  Mussa  smuosa,  gave  equally 
strong  indications  of  yttrium.  By  the  kindness  of  Professor  Duncan  I  have  since 
been  enabled  to  submit  a  large  number  of  corals  to  spectrum  examination  in  the 
radiant  matter  tube.  Nearly  all  showed  more  or  less  discontinuity  in  their  phos¬ 
phorescent  spectra,  but  as  in  the  y  ttrium  spectrum  research  I  obtained  only  two 
specimens  giving  a  brilliant  yttrium  spectrum,  so  in  the  present  quest  I  have  found 
only  two  corals  giving  a  strong  orange-band  spectrum.  One  is  a  Pocillopora  dami- 
cornis,  from  Singapore  and  most  of  the  Pacific  Islands  which  have  reefs,  one  of  the 
old  group  of  tabulate  corals.  A  fragment  of  this  coral,  treated  with  sulphuric  acid 
and  examined  in  the  radiant  matter  tube,  gave  as  brilliant  an  orange -band  spectrum 
as  I  had  ever  seen.  The  other  is  of  the  species  Symjphyllia,  close  to  Mussa,  a  reef- 
builder  from  the  same  locality  as  the  Mussa  which  gave  so  much  yttria. 


Sea-water. 


107.  These  results  induced  me  next  to  try  sea- water.  Ammonic  oxalate  and 
hydrate  gave  a  white  precipitate,  which  was  filtered  off  and  washed.  The  oxalate 
was  then  ignited,  dissolved  in  nitric  acid,  and  the  solution  supersaturated  with 
ammonia  and  boiled.  The  resulting  precipitate,  tested  in  the  radiant  matter  tube, 
showed  the  orange-band  spectrum  very  well. 


“X”  in  Strontium  Minerals. 

108.  The  orange -band  spectrum  in  the  radiant  matter  tube  at  first  sight  bore  a 
close  resemblance  in  the  red  region  to  the  flame  spectrum  of  strontium  ;  the  two 
spectra  therefore  were  examined  together,  and  on  comparing  them  a  near  coincidence 
was  observed  between  two  lines  in  the  orange.  Was  it  possible  that  the  sought -for 
element  was  strontium  ? 

This  led  to  an  examination  of  the  strontic  nitrate  used  in  the  flame  reaction.  When 
converted  into  sulphate  and  tested  in  the  radiant  matter  tube  the  experiment 
succeeded  only  too  well.  The  orange-band  spectrum  came  out  brilliantly. 

Other  commercial  strontium  compounds  were  now  tested.  Yttria  was  found  almost 
universally,  but  the  orange  band  was  capricious  ;  the  nitrate  generally  showed  it  well, 
caustic  strontia  sometimes,  chloride  as  a  rule  not  at  all.  These  were  from  different 
makers.  The  source  was  enquired  for,  and  in  a  few  weeks  my  laboratory  was  filled 
with  large  specimens  of  Gloucestershire,  Italian,  and  Sicilian  coelestine,  and  Scotch. 
Italian,  and  Genu  an  strontianite,  together  with  waste-products,  mother-liquors,  and 
every  commercial  salt  of  strontium.  The  kindness  of  the  manufacturers  was  great, 
and  I  regret  that  the  outcome  was  not  more  notable. 
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Italian  coelestiue  showed  a  good  orange-band  spectrum  when  crushed  and  examined 
in  the  tube  without  any  chemical  treatment.  After  getting  the  mineral  into  solution 
by  fusion  with  sodic  carbonate,  &c.,  the  x  could  be  concentrated  by  fractionally 
precipitating  with  alkaline  carbonates  (coming  down  in  the  first  fractions).  The 
sulphate  produced  from  this  precipitate  also  showed  the  desired  spectrum. 

This  sulphate  was  digested  for  some  time  in  warm  amnionic  carbonate,  and  now  the 
old  distressing  anomalies  re-commenced.  On  most  occasions,  when  working  roughly 
on  a  scale  of  a  few  grammes,  all  the  x  was  found  in  the  filtrate  on  evaporation  and 
ignition.  When,  however,  I  took  identically  the  same  material,  and  worked  it  up 
more  carefully,  in  pounds  or  hundredweights,  it  sometimes  gave  nothing  at  all,  some¬ 
times  only  a  ridiculus  mus  on  the  smallest  sized  filter,  got  from  a  mountain  of  raw 
material.  This  was  at  first  accounted  for  by  the  want  of  homogeneity  of  the  mineral. 
The  real  explanation,  however,  was  not  discovered  till  long  after  (115). 

A  quantitative  estimation  was  attempted  of  the  amount  of  x  substance  got  from 
Italian  ccelestine.  G30  grms.  gave  1*525  grm.,  or  0'24  per  cent.  Analysis  showed 
this  to  be  chiefly  strontic  sulphate,  and  the  atomic  weight  of  the  metal  was  close  to 
that  of  strontium. 

Is  “  x  ”  a  Mixture  ? 

109.  For  a  considerable  time  strontium  minerals  and  salts  only  were  worked  upon, 
these  being  considered  the  cheapest  and  most  fruitful  sources  of  x.  A  considerable 
quantity  of  material  was  thus  accumulated,  showing  the  desired  spectrum  with  great 
brilliancy.  When,  however,  attempts  were  made  to  separate  the  spectrum-forming 
body  from  the  accompanying  elements,  as  strontium,  calcium,  &c.,  all  the  foregoing 
anomalies  were  displayed.  Ultimately  two  portions  of  substance  were  produced — a 
precipitate  (113)  containing  the  supposed  new  element,  and  a  filtrate,  containing  the 
strontium,  calcium,  and  other  impurities.  Neither  the  precipitate  nor  filtrate  tested 
in  the  usual  manner  showed  the  orange  band  anything  like  so  well  as  the  material 
before  such  separation,  and  indeed  at  this  stage  of  the  experiments  it  frequently 
vanished  altogether. 

Some  of  the  filtrate  and  precipitate  were  now  mixed  together,  treated  with 
sulphuric  acid,  and  tested  as  before  :  they  gave  the  orange-band  spectrum  as 
brightly  as  did  the  original  substance.  The  ammonia  precipitate  was  too  small 
for  analysis,  but  judging  from  its  origin  it  might  contain  any  or  all  of  the  rare 
earths.  Chemical  analysis  showed  nothing  but  a  calcium  salt  in  the  filtrate. 

110.  Could  it  be  that  the  union  of  two  bodies  was  necessary  to  give  this  spectrum, 
and  that  calcium  was  one  of  these  ?  Could  the  other  constituent  be  of  the  nature  of 
an  acid  such  as  boric,  or  a  halogen  like  fluorine  ? 

Many  experiments  were  tried  to  test  this  hypothesis.  Pure  Iceland  spar  was 
dissolved  in  acid,  a  little  of  the  above  described  precipitate  added,  and  the  mixture 
tested  in  the  usual  way.  The  orange  band  appeared  again. 
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Every  conceivable  mixture  was  now  made  of  lime  with  other  bodies,  but  whilst  I 
frequently  obtained  faint  indications  of  orange  band  there  was  never  sufficient  to 
satisfy  me  that  I  had  artificially  formed  the  spectrum-bearing  body ;  the  traces 
observed  were  evidently  due  to  the  all  pervading  presence  of  the  sought  for  body. 

So  far  all  had  been  contradictory  and  disheartening.  Analogy  with  the  yttrium 
results  failed  to  throw  light  to  guide  through  the  gloom.  The  hypothesis  that  the 
body  sought  was  an  earth,  widely  diffused  in  minute  quantities  only,  and  that  its 
anhydrous  sulphate  gave  a  phosphorescent  spectrum  in  the  radiant  matter  tube,  had 
guided  me  a  certain  distance  and  then  led  me  widely  astray.  A  new  factor  must  now 
be  taken  into  account — the  presence  of  a  calcium  compound  appeared  to  be  necessary. 
An  earthy  body  which,  when  treated  and  tested  in  the  usual  manner,  fails  to  show 
the  faintest  glow  of  an  orange-band  spectrum,  can  by  admixture  with  calcic  sulphate 
be  made  to  yield  a  pure  and  brilliant  spectrum,  rivalling  in  clearness  and  beauty  that 
given  by  yttric  sulphate. 

111.  Of  the  two  components  of  the  phosphorescing  body — calcium  and  x — which  is 
the  necessary  and  which  is  the  variable  factor  ? 

This  question  did  not  appear  difficult  to  answer.  In  the  first  case  the  calcium  must 
be  kept  the  constant,  and  x  be  made  the  variable  quantity. 

A  piece  of  pure  colourless  Iceland  spar — the  sulphate  from  which  had  been  proved 
to  phosphoresce  normally  with  a  greenish-blue  light,  without  bands  or  concentration 
in  any  part  of  the  spectrum  (164) — was  dissolved  in  hydrochloric  acid,  and  mixed 
with  about  10  per  cent,  of  various  metallic  sulphates.  Sulphuric  acid  was  added,  the 
mixture  evaporated  to  dryness,  ignited,  and  tested  in  a  radiant  matter  tube.  The 
bodies  thus  used  to  replace  x,  in  addition  to  the  more  common  earths,  were  the  earths 
from  samarskite — enumerated  in  the  first  part  of  this  paper  (40) — in  as  pure  a  state 
as  I  could  get  them,  together  with  various  earthy  precipitates,  oxalates,  kc.,  obtained 
from  different  minerals  during  the  preceding  operations. 

These  experiments  resulted  in  an  embarras  cle  richesse.  Whereas,  hitherto,  I  had 
considered  the  orange-band-forming  body  rare  and  sparsely  distributed  I  now  found  it 
sharing  with  yttrium  the  attribute  of  ubiquity.  The  answer  to  my  question  was  too 
full,  and  left  me  again  in  doubt  as  to  whether  calcium  or  x  was  the  variable  quantity. 

The  yttrium  spectrum  turned  up  in  this  series  of  experiments  about  as  frequently 
as  the  orange-band  spectrum.  I  knew  that  in  such  cases  yttrium  was  present  as  an 
impurity ;  might  it  not  be  that  the  almost  universal  occurrence  of  the  orange-band 
spectrum  was  equally  caused  by  a  minute  but  varying  quantity  of  x  in  the  earths 
under  test  ? 

112.  I  took  them  one  by  one  and  submitted  them  to  further  severe  chemical  treat¬ 
ment,  fractionally  precipitating  them,  in  cold  dilute  solution,  with  weak  ammonia,  or 
fractionally  crystallising  their  oxalates  from  nitric  acid.  As  the  purification  progressed 
the  orange-band  spectrum  generally  lessened  in  intensity  till  in  the  case  of  many 
earths  it  faded  out  altogether,  and  in  most  of  them  it  gave  evident  indications  of 
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being  extraneous  to  the  earth  itself.  In  some  instances,  however,  the  spectrum 
increased  in  intensity  ;  moreover,  when  the  purified  earth  showed  any  diminution  of 
the  orange  band  the  eliminated  impurity  always  showed  the  orange  band  in  an  exalted, 
degree.  I  drew  from  these  experiments  the  inference  that  x  was  a  definite  element,  as 
widely  distributed,  or  nearly  so,  as  yttrium,  but  requiring  admixture  with  a  calcium 
compound  to  bring  out  its  phosphorescent  properties. 

113.  Next  I  had  to  ascertain  if  the  calcium  could  be  replaced  by  any  analogous 
body.  In  this  case,  therefore,  the  x  was  kept  constant  whilst  the  calcium  was 
replaced.  An  ammonia  precipitate  (109)  from  a  rich  accumulation  of  orange  band 
substance  was  chosen  as  the  x.  Tested  in  the  usual  manner,  by  itself,  it  showed 
nothing,  but  mixed  with  lime  it  gave  the  orange-band  spectrum  very  bright  and  pure. 

The  metals  used  to  mix  with  it  were  in  the  form  of  sulphates — strontium,  barium, 
glucinum,  zirconium,  thorium,  magnesium,  zinc,  cadmium,  lead,  copper,  silver,  cerium, 
lanthanum,  didymium,  aluminium,  manganese,  tin,  bismuth,  antimony  ;  also  silicic, 
titanic,  tantalic,  tungstic,  molybdic,  and  niobic  acids.  More  than  half  of  these  bodies 
possessed  the  property  of  conferring  “  orange-band  ”  phosphorescence  on  the  precipi  tate 
under  examination,  although  by  themselves  they  evinced  no  power  of  giving  a 
phosphorescent  spectrum. 

Explanation  of  foregoing  Anomalies. 

114.  In  this  manner  the  remarkable  fact  was  established,  that  the  x  I  sought  was 
an  earth  which  of  itself  could  give  little  or  no  phosphorescent  spectrum  in  the  radiant 
matter  tube,  but  became  immediately  endowed  with  this  property  by  admixture  with 
some  other  substance,  which  substance  likewise  by  itself  had  no  power  of  phos¬ 
phorescing  with  a  discontinuous  spectrum. 

Of  the  great  number  of  bodies  used  to  mix  with  the  earth  x  in  these  experiments, 
which  acted  best  ?  It  was  not  easy  to  try  comparative  experimeuts  at  this  early 
stage  ;  ultimately  I  came  to  the  conclusion  that  lime,  if  not  the  best,  was  as  good  as 
any. 

115.  These  results  afford  a  full  explanation  of  the  anomalies  which  had  so  long 
hampered  my  endeavours  to  repeat  on  a  large  scale  experiments  which,  when  working 
with  small  quantities,  had  given  good  results  (99,  101,  108).  The  preliminary 
experiments  were  intended  to  ascertain  whether  the  desired  orange  band  was  present 
or  not.  Natural  impatience  led  to  hurried  operations  and  defective  washing  of 
precipitates,  and  thus  some  of  the  necessary  lime  was  left  with  the  phosphorescing 
body.  The  subsequent  larger  operations  were  performed  in  a  more  systematic  manner 
with  the  object  of  securing  as  large  a  yield  of  substance  as  possible.  1  he  precipitates 
were  thoroughly  washed,  the  lime  was  more  completely  thrown  out,  and  the  sought- 
for  earth,  although  obtained,  refused  to  reveal  itself  by  the  spectroscope  and  radiant 
matter  tube. 
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The  contradictory  behaviour  of  the  sulphate  to  water  (99)  was  now  easily  explained. 
The  insoluble  crystals,  which  from  the  brilliancy  of  their  phosphorescent  spectrum  I 
had  at  first  mistaken  for  the  nearly  pure  sulphate  of  x,  were  merely  calcic  or  strontic 
sulphate  contaminated  with  perhaps  not  more  than  the  one  ten-thousandth  part  of  x 
sulphate  which  it  had  carried  down  with  them  on  crystallising. 


“  X  ”  in  Cerite. 

116.  In  the  corresponding  yttrium  research  I  was  aided  materially  by  the  fact  that 
the  sought-for  earth  did  not  give  an  absorption  spectrum  (42).  This  enabled  me  to 
throw  out  a  large  number  of  obscurely  known  elements,  and  I  therefore  early 
endeavoured  to  ascertain  whether  the  supposed  new  earth,  x,  did  or  did  not  give  an 
absorption  spectrum.  At  first  I  could  not  decide  one  way  or  the  other.  I  frequently 
obtained  a  good  orange-band  spectrum  when  the  solutions  gave  no  trace  of  absorption 
spectrum,  whilst  on  other  occasions  the  solution  showed  good  didymium  and  other 
bands.  Gradually,  however,  it  was  noticed  that  whenever  the  didymium  absorption 
bands  were  strong  the  orange-band  spectrum  was  also  particularly  brilliant.  More¬ 
over,  amongst  the  earths  enumerated  in  par.  113  as  mixed  with  lime  in  the  quest 
for  x,  I  have  mentioned  that  some  of  them  gave  the  orange-band  spectrum  with 
increased  intensity  ;  the  earths  of  the  cerium  group  were  the  most  noteworthy,  and 
these  considerations  made  it  probable  that  here  would  be  found  the  location  of  x. 

117.  On  a  former  occasion,  when  searching  for  the  citron -band-yielding  earth,  and 
examining  cerite  (22  to  25),  I  made  use  of  the  potassic-sulphate  method  of  separating 
the  two  great  sub-groups,  viz.,  the  cerium  and  the  yttrium  earths  ;  the  former  giving 
insoluble,  and  the  latter  soluble,  double  sulphates.  I  said  (23)  :  — 

“  The  precipitated  double  sulphates  were  dissolved  in  hydrochloric  acid,  and  the 
earths  precipitated  as  oxalates.  After  ignition  and  treatment  with  sulphuric  acid, 
the  mixed  ceria,  lanthana,  and  didymia  were  tested  in  the  radiant  matter  tube,  but 
the  merest  trace  only  of  citron  band  was  visible.” 

A  repetition  of  the  above  experiment  produced  similar  results.  The  contents  of 
the  tube  were  now  removed,  mixed  with  lime  and  excess  of  sulphuric  acid,  ignited, 
and  again  tested  in  the  tube.  This  time  the  orange-band  spectrum  came  out  very 
brilliantly,  showing  in  a  striking  manner  the  necessity  of  supplementing  x  with  some 
other  earth  to  bring  out  its  phosphorescing  properties. 

The  cerium  group,  to  which  x  was  now  almost  certainly  traced,  consists  of  cerium, 
lanthanum,  didymium,  samarium,  and  perhaps  yttrium-a  (136).  The  other  metals, 
enumerated  in  par.  101  as  being  precipitated  by  potassic  sulphate,  were  found  not  to 
phosphoresce  with  a  discontinuous  spectrum,  either  alone  or  when  mixed  Avith  lime. 
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Analysis  of  Cerite. 

118.  The  first  necessity  was  to  get  the  earths  ceria,  lanthana,  and  the  mixture  hitherto 
called  didymia,  in  a  pure  state,  for  my  so-called  pure  earths  of  this  group  all  showed 
the  orange  band  in  more  or  less  degree. 

About  14  lbs.  of  cerite  were  finely  ground,  made  into  a  thick  paste  with  strong 
sulphuric  acid,  and  heated  to  drive  off  excess  of  acid.  The  mass  became  of  a  white  or 
pale  grey  colour.  This  was  digested  in  cold  water,  filtered,  and  the  residue  well 
washed  with  cold  water. 

To  the  filtrate  oxalic  acid  was  added,  which  precipitated  all  the  earths,  with  any 
lime,  &c.,  that  might  be  present,  as  oxalates.  It  saves  time  at  first  only  to  aim  at  a 
partial  separation  of  the  mixed  earths,  and  for  this  purpose  it  is  well  to  proceed  as 
follows  : — The  dried  oxalates  are  boiled  with  strong  nitric  acid  till  completely  decom¬ 
posed,  the  nitrates  are  evaporated  to  dryness,  mixed  with  three  times  their  weight  of 
nitre,  and  fused  at  the  lowest  temperature  at  which  nitrous  fumes  come  oft';  the 
residue  is  digested  in  water,  filtered,  and  washed.  The  insoluble  residue,  of  a  pale 
yellow  colour,  consists  of  ceric  oxide  and  basic  ceric  nitrate,  with  a  little  of  the  other 
oxides,  whilst  the  filtrate  contains  the  bulk  of  the  lanthanum,  didymium,  and  samarium. 

Separation  of  Ceria,  Lanthana,  Didymia,  and  Samaria. 

119.  To  free  the  lanthanic,  didymic,  and  samaric  nitrates  from  the  last  traces  of 
cerium  it  is  necessary  to  fuse  them  again  very  gently  with  three  or  four  times  their 
weight  of  potassic  nitrate,  at  a  temperature  just  sufficient  to  cause  slight  decomposition. 
The  operation  of  fusing  must  be  repeated  on  the  evaporated  filtrate  many  times  to 
throw  out  all  the  cerium. 

The  ceric  oxide,  or  basic  nitrate  obtained,  is  freed  from  any  didymium  by  re¬ 
treatment  with  nitric  acid  and  fusion  as  above  ;  the  presence  of  didymium  being 
indicated  by  its  brown  colour  or  by  the  absorption  spectrum  of  the  solution. 

120.  The  separation  from  each  other  of  lanthana,  didymia,  and  samaria  is  a  most 
laborious  process,  and  the  amounts  of  these  earths,  obtainable  in  anything  like  a  pure 
state,  is  small,  compared  with  the  mass  of  material  worked  up.  The  solution  of  the 
nitrates  of  these  elements  is  made  perfectly  neutral,  diluted  to  such  a  strength  as  to 
contain  about  1  per  cent,  of  the  oxides,  and  a  very  dilute  solution  of  ammonia  is  added, 
about  0’1  gramme  NH3  in  500  cubic  centimetres,  the  precipitation  being  conducted  in 
large  vessels,  as  ordinary  Winchester  quart  bottles.  The  first  precipitates  formed  are 
rich  in  samarium,  and  also  contain  much  didymium ;  these  are  followed  by  didymium, 
with  some  lanthanum  and  samarium  ;  and  the  final  precipitates  consist  almost  wholly 
of  lanthanum.  By  this  method  there  are  obtained  three  portions  of  hydrates,  which 
must  be  again  worked  up  separately  by  precipitation  ;  the  first  for  samarium  (133), 
the  second  for  didymium  (127),  and  the  third  for  lanthanum  (125),  the  process  of 
fractional  precipitation  being  repeated  on  each  portion  fifty  or  a  hundred  times. 
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121.  The  separation  of  the  last  traces  of  didymium  from  the  samarium  can  be 
accomplished  only  by  fractional  precipitation,  an  operation  so  tedious  that  probably  few 
chemists  will  be  inclined  to  undertake  it.  The  second  portion  of  hydrates,  consisting 
chiefly  of  didymium,  is  purified  from  the  small  quantities  of  samarium  and  lanthanum 
by  fusing  with  potassic  nitrate,  as  explained  above  for  the  traces  of  cerium  (118);  to 
separate  the  lanthanum  the  oxalates  are  dissolved  in  warm  strong  nitric  acid  and 
allowed  to  cool,  when  didymic  oxalate  nearly  free  from  lanthanum  is  obtained ;  after 
repeating  several  times,  the  last  trace  of  lanthanum  remains  in  the  solution. 

122.  To  separate  the  small  quantity  of  didymium  from  the  lanthanum  obtained  in 
the  final  precipitates  with  ammonia,  the  only  method  is  to  continue  the  process  of 
fractionation ;  the  lanthanic  oxide  finally  obtained  should  be  pure  white,  any  trace  of 
yellow  showing  that  didymium  is  still  present. 

123.  As  cerite  contains  small  quantities  of  the  yttria  earths,  these  must  be  sepa¬ 
rated  from  cerium,  didymium,  &c.,  by  making  a  cold  solution  of  the  sulphates  and 
adding  finely-powdered  potassic  sulphate  in  quantity  more  than  sufficient  to  saturate 
the  solution,  allowing  the  mixture  to  stand  (with  frequent  agitation)  for  a  few  days  ; 
filtering,  and  washing  the  filtrate  with  a,  saturated  solution  of  potassic  sulphate. 
Tire  filtrate  contains  the  yttria  earths,  and  for  their  complete  separation  it  is 
advisable  to  repeat  the  operation  with  potassic  sulphate  three  or  four  times.  The 
insoluble  residues,  consisting  of  a  double  potassic  sulphate  with  either  cerium, 
didymium,  or  other  member  of  this  group,  are  boiled  with  sodic  hydrate,  filtered, 
well  washed,  re-dissolved  in  nitric  acid,  precipitated  with  oxalic  acid,  and  the  oxalates 
ignited,  leaving  the  earths  lanthana,  didymia,  or  samaria  to  be  finally  purified  as 
described  further  on. 

124.  The  ceric  oxide  obtained  in  the  manner  just  described  was  white.  A  con¬ 
siderable  thickness  of  a  strong  solution  did  not  show  a  trace  of  absorption  spectrum. 


The  atomic  weight  of  the  metal  was  taken  and  yielded  the  number  =141T 

The  number  given  by  Buhrig  .  . . =141  "2 

„  „  Robinson  t . =140-2 

Many  older  determinations |  range  from  138  to  139. 


This  ceric  oxide  gave  no  orange-band  spectrum  in  the  radiant  matter  tube,  either 
with  or  without  the  addition  of  lime. 

Purification  of  Lanthana . 

125.  The  lanthana  obtained  in  the  manner  described  above  (120,  122)  was  more 
difficult  to  purify  than  ceria.  Long  after  the  lanthana  appeared  pure,  it  gave  in  the 

*  Journ.  prakt.  Cliem.,  (2),  xii.,  209. 

f  ‘  Chemical  News,’  vol.  1.,  p.  251,  Nov.  28,  1884. 

*  rind.,  vol.  xlix.,  p.  282,  .Tone  27,  1384. 
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radiant  matter  tube  a  good  orange-band  spectrum  when  mixed  with  lime  and  treated 
as  usual,  although  without  lime  it  gave  no  spectrum. 

So  long  as  the  lanthana  showed  the  didymium  absorption  bands  I  could  not  be 
certain  whether  the  orange-band  spectrum  belonged  to  it  or  to  didymium,  therefore 
the  tedious  process  of  fractionation  with  very  weak  ammonia  in  cold  dilute  solutions 
was  repeated  for  some  weeks.  The  fisrt  precipitates  were  lanthana  containing  most 
of  the  didymia,  whilst  the  final  precipitates  were  lanthana  almost  if  not  quite  free 
from  didymia,  according  to  the  quantity  originally  present.  After  several  hundred 
fractional  precipitations  repeated  over  and  over  again,  a  little  lanthana  was  got  which 
failed  to  show  the  didymium  absorption  bands.  As  the  purification  progressed  the 
phosphorescent  orange-band  spectrum  became  fainter,  until  finally  a  lanthana  was 
obtained  which,  mixed  with  lime  and  treated  in  the  usual  manner,  gave  no  orange- 
band  spectrum  whatever.  This  lanthana  was  snow-white,  and  had  an  atomic  weight 
of  138*3.  Marignac  gives  for  lanthana  138*6,  Brauner  138*28,  Cleve  138*22. 

Purification  of  Didymia. 

126.  The  earth  formerly  called  didymia  is  now  known  to  be  a  mixture  of  didymia 
and  samaria.  The  didymia  which  I  prepared  by  the  method  described  above,  when 
mixed  with  lime  and  sulphuric  acid,  and  tested  in  the  radiant  matter  tube,  gave  the 
orange-band  spectrum  as  brightly  as  I  had  ever  seen  it.  It  was  not,  however,  quite 
free  from  the  accompanying  samaria,  and  systematic  operations  were  now  commenced 
with  the  object  of  obtaining  the  didymia  and  the  samaria  in  a  state  of  purity, — that 
is  to  say,  in  such  a  condition  that  one  of  them  should  show  no  orange- band  spectrum 
at  all,  whilst  the  other  should  give  the  spectrum  in  its  highest  degree  of  intensity. 

I  did  not  attempt  the  two  purifications  simultaneously  on  the  same  material.  One 
earth  only  was  taken  in  hand  at  a  time,  and  by  repeated  fractionations  and  the  most 
profuse  sacrifice  of  material,  I  was  at  last  enabled  to  obtain  a  little  of  the  desired 
earth  quite  free  from  admixture. 

127.  I  took  didymia  first.  About  1000  grins,  of  the  earth,  partially  purified  as 
described  (120,  121),  were  dissolved  in  a  large  excess  of  strong  nitric  acid.  To 
the  nearly  boiling  liquid  a  hot  saturated  solution  of  oxalic  acid  was  carefully  added, 
and  constantly  stirred,  until  the  precipitate,  which  at  first  rapidly  disappeared, 
just  refused  to  dissolve.  A  drop  or  two  of  nitric  acid  was  now  added  to  render 
the  solution  clear,  and  the  liquid  set  aside  to  cool,  when  brilliant  pink-coloured 
prisms  of  didymic  oxalate  (containing  nitric  acid)  crystallised  out.  These  crystals 
contained  nearly  all  the  didymium  and  samarium,  whilst  the  mother -liquor  con¬ 
tained  the  greater  part  of  the  lanthanum — reserved  for  the  preparation  of  pure 
lanthana  (125). 

The  crystals  of  didymic  oxalate  were  ignited  and  again  converted  into  nitrate,  and 
the  above-described  partial  crystallisation  as  oxalate  repeated  five  or  six  times,  in  each 
case  rejecting  the  mother-liquor  as  contaminated  with  lanthanum. 


706 


MR,  W.  CROOKES  OK  RADIANT  MATTER  SPECTROSCOPY. 


128.  The  final  oxalates — the  ultimate  cumulation  of  the  portions  least  soluble  in 
nitric  acid — were  next  converted  into  nitrates,  and  the  excess  of  acid  driven  off.  The 
anhydrous  salt  was  dissolved  in  fifty  times  its  weight  of  water,  and  fractionally  pre¬ 
cipitated  by  ammonia  in  the  following  manner  : — A  large  quantity  of  ammonia  was 
first  prepared  of  the  dilution  (l  to  5000)  used  in  the  previous  fractionation  (120),  and 
500  c.c.  of  this  was  gradually  added,  with  constant  stirring,  to  Winchester  quarts 
about  three-fourths  full  of  the  dilute  didymic  nitrate.  In  about  half  an  hour  another 
500  c.c.  of  ammonia  was  again  added,  and  this  operation  was  repeated  at  intervals  till 
the  Winchester  quarts  were  full.  The  bulk  of  the  samaria  comes  down  in  the 
first  precipitates,  which  are  filtered  off  and  set  aside  for  the  preparation  of  pure 
samaria  (133). 

To  the  filtrate,  containing  didymium,  with  a  little  samarium  and  lanthanum,  ten 
successive  quantities  of  about  200  c.c.  each  of  dilute  ammonia  were  added  to  each 
Winchester  quart  at  intervals  of  about  an  hour,  and  after  violent  agitation  allowed  to 
subside.  The  clear  supernatant  liquid  was  now  poured  off,  evaporated  to  about  half 
its  bulk,  and  then,  when  cold,  again  poured  back  into  the  precipitate,  and  the  operation 
of  precipitating  with  dilute  ammonia  was  likewise  repeated.  By  this  means  the 
greater  portion  of  the  samarium  present  was  obtained  in  the  precipitate,  whilst  the 
didymium  left  in  solution  contained  a  less  proportion  of  samarium. 

129.  After  a  time  a  balance  seemed  to  be  established  between  the  affinities  at  work, 
when  the  earths  would  appear  in  the  same  proportion  in  the  precipitate  and  the 
solution.  At  this  stage  they  were  thrown  down  by  ammonia,  and  the  precipitated 
earths  set  aside  to  be  worked  up  by  the  fusion  of  their  anhydrous  nitrates  so  as  to 
alter  the  ratio  between  them,  when  fractionation  by  ammonia  could  be  again  employed. 

Samaric  nitrate  decomposes  by  heat  before  didymic  nitrate.  The  nitrates  were 
mixed  with  four  times  their  weight  of  potassic  nitrate,  and  the  whole  kept  fused  in  a 
crucible  till  about  three-fourths  of  the  earthy  nitrates  were  decomposed.  The  cooled 
mass  was  then  dissolved  in  water,  filtered,  and  the  solution  evaporated  to  dryness,  and 
again  submitted  to  fusion.  This  was  repeated  several  times. 

The  basic  nitrates  insoluble  in  water  were  dissolved  in  nitric  acid,  and  put  through 
the  operation  of  fractional  pi'ecipitation  with  ammonia,  for  samaria  (133),  in  the 
manner  just  described  above  (128). 

130.  To  remove  the  last  traces  of  samarium  which  might  have  survived  this  treat¬ 
ment,  the  solution  of  nitrates  which  had  longest  resisted  decomposition  by  fusion  was 
now  mixed  with  excess  of  potassic  sulphate.  The  precipitated  double  sulphates  were 
subjected  to  long  washing  with  a  saturated  solution  of  potassic  sulphate,  in  which  the 
samarium  salt  is  more  soluble  than  the  didymium  salt.  They  were  then  reconverted 
into  nitrates,  and  the  precipitation  and  washing  with  potassic  sulphate  repeated 
several  times.  Finally,  the  didymium  salt  was  converted  into  oxalate,  and  re-crystal¬ 
lised  many  times  from  nitric  acid,  to  eliminate  any  trace  of  lanthanum  that  might  still 
contaminate  it.  Pure  didymia  is  of  a  very  deep  chocolate-brown  colour. 
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These  proceedings  are  tedious  enough  even  in  their  narration,  but  no  mere  words 
can  enable  the  reader  to  realise  the  wearisome  character  of  these  operations  when 
repeated  day  by  day,  month  after  month,  on  long  rows  of  Winchester  quart  bottles. 

131.  I  commenced  the  purification  of  didymia  in  the  latter  part  of  the  year  1883, 
and  the  operations  have  been  going  on  since  almost  daily  in  my  laboratory.  At 
intervals  of  some  weeks  the  didymia  in  the  then  stage  of  purification  wTas  tested  in 
the  radiant  matter  tube,  a  little  lime  having  previously  been  added  to  bring  out  the 
discontinuous  phosphorescence.  During  the  first  month  the  intensity  of  the  orange- 
band  spectrum  scarcely  diminished.  After  this  it  began  to  fade,  but  the  last  traces 
of  orange  band  were  very  stubborn,  and  not  till  the  last  few  weeks  could  I  obtain  a 
didymia  to  show  no  trace  of  the  orange-band  spectrum  ;  and  this  result  has  not  been 
accomplished  without  sacrifice.  My  1000  grammes  have  dwindled  away  bit  by  bit,  till 
now  less  than  half  a  gramme  represents  all  my  store. 

132.  Whilst  in  the  midst  of  the  operations  of  purifying  didymium  and  samarium  I 
had  the  pleasure  to  receive  a  visit  from  Prof.  Cleve,  to  whom  we  owe  so  much  of  our 
knowledge  of  the  chemistry  of  the  samarskite  and  cerite  metals,  and  especially  of 
didymium  and  samarium.  He  gave  me  not  only  most  valuable  information,  and 
suggestions  respecting  the  work  I  was  then  engaged  upon,  but  on  his  return  to 
Upsala  he  munificently  presented  me  with  specimens  of  lanthana,  didymia,  samaria, 
yttria,  and  erbia — specimens  at  that  time  considered  to  represent  a  state  of  purity. 
According  to  any  chemical  tests  these  earths  would  be  deemed  absolutely  pure,  but 
the  test  of  the  phosphorescent  spectrum  proved  too  severe  a  trial,  and  the  didymia, 
lanthana,  and  samaria  all  showed  the  orange  band — the  lanthana  faintly,  the  didymia 
more  strongly,  and  the  samaria  brightest  of  all.  A  subsequent  lot  of  “samarium- 
free  ”  didymia,  sent  by  Prof.  Cleve,  also  gave  a  strong  orange-band  spectrum,  though 
the  samarium  present  probably  did  not  amount  to  more  than  the  one  hundred 
thousandth  part  of  the  didymium. 


Purification  of  Samaria. 

133.  The  foregoing  experiments  left  little  doubt  that  x,  the  orange-band -forming 
body,  was  samarium  ;  the  last  problem  was,  therefore,  to  get  this  earth  in  a  pure  state. 
The  general  plan  of  operations  was  the  same  as  I  adopted  in  getting  didymium  free 
from  samarium,  only  attention  was  now  directed  to  the  portions  richest  in  samarium 
which  had  been  formerly  set  aside  (128,  129).  On  fractionation  in  highly  dilute 
solutions  with  very  weak  ammonia  the  first  precipitates  are  richer  in  samaria  than  the 
last.  These  first  precipitates  were  re-converted  into  nitrates,  and  fractionation  again 
proceeded  with. 

Fusion  of  the  nitrates  with  potassic  nitrate  (129),  or  precipitation  by,  and  washing 
with,  potassic  sulphate  (130),  are  of  no  use  in  the  final  purification  of  samarium. 
When  the  object  is  to  separate  a  little  samarium  from  a  large  quantity  of  didymium, 
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fusing  the  nitrates  will  effect  the  purpose,  but  I  have  not  found  the  converse  to  hold 
good.  The  potassic  sulphate  method  cannot  separate  the  last  traces  of  didymium 
from  samarium,  for  the  didymic  double  sulphate,  not  being  quite  insoluble,  would  wash 
out  along  with  the  first  portions  of  the  samaric  salt.  I  have  found  no  method  better 
than  fractionation  with  ammonia,  and  Professor  Cleve  tells  me  that  is  his  experience. 

Towards  the  end  of  the  operations,  when  the  samaria  is  getting  pure,  it  is  useful  to 
precipitate  it  as  a  double  sulphate  with  potassic  sulphate,  and  wash  it  well  for  some 
time,  to  remove  any  traces  of  earths  of  the  yttria  and  other  groups  which  might  have 
been  present  and  become  accumulated  with  the  samaria  (123). 

134.  During  fractional  precipitation  with  ammonia  an  experienced  eye  can  judge 
roughly  what  is  the  preponderating  earth  present,  by  the  appearance  of  the  precipitate 
as  it  comes  down.  When  much  samaria  is  present,  with  but  little  didymia  and 
lanthana,  the  precipitate  forms  immediately.  When  there  is  much  didymia,  and  little 
samaria  and  lanthana,  the  precipitate  forms  almost  as  quickly  as  in  the  first  case,  but 
does  not  settle  so  rapidly.  With  much  didymia,  and  a  fair  quantity  of  lanthana,  the 
precipitate  forms  more  slowly  than  before  and  settles  sluggishly.  When  there  is 
much  lanthana  and  little  didymia  the  precipitate  takes  a  long  time  to  settle,  the  liquid 
remaining  opalescent  for  days.  These  peculiarities  are  due  in  great  measure  to  the 
varying  basicity  of  the  elements,  samarium  being  the  least  basic  and  lanthanum 
being  the  most  basic,  didymium  occupying  an  intermediate  position. 

In  freeing  samarium  from  the  last  portions  of  didymium  the  only  test  available  to 
detect  the  presence  of  the  latter  metal  is  the  absorption  spectrum.  The  best  plan  is 
to  provide  a  strong  solution  of  the  samaric  nitrate  in  a  flask,  to  act  as  a  lens,  and  to 
concentrate  the  light  of  a  gas-flame  by  its  means  on  to  the  slit  of  a  low  dispersion 
spectroscope.  Long  after  the  light  colour  of  the  ignited  oxide  shows  that  the 
didymium  is  getting  small  in  quantity,  its  absorption  bands  will  be  so  strong  as  almost 
to  obliterate  the  fainter  samarium  spectrum. 


Fig. 


o 


135.  The  fractionation  should  be  persevered  in  till  no  didymium  bands  are  seen  m 
the  absorption  spectrum.  After  this  point  is  reached  I  prefer  to  keep  on  fractionating 
for  some  time  longer,  if  the  material  will  hold  out,  so  as  to  make  assurance  doubly 
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sure.  The  colour  of  samaria,  as  pure  as  I  have  been  able  to  prepare  it,  is  white  with 
the  faintest  possible  tinge  of  yellow.  The  absorption  spectrum  of  samarium  salts  is 
much  more  feeble  than  the  spectrum  of  didymium  salts. 

The  accompanying  drawing  (fig.  2)  shows  the  absorption  spectra  of  solutions  of 
didymic  and  of  samaric  nitrates.  It  will  be  observed  that  the  strongest  bands  of  the 
samarium  absorption  spectrum  are  almost  covered  by  strong  absorption  bands  of 
didymium.  Unless,  therefore,  the  samarium  is  decidedly  in  excess,  it  will  be  difficult 
for  any  but  a  very  practised  observer  to  detect  its  presence.  Fortunately  the 
marvellous  delicacy  of  the  phosphorescent  spectrum  of  samarium  renders  any  other 
spectrum  test  of  little  value. 

136.  I  have  already  mentioned  (117)  that  the  cerite  earths  are  supposed  to  contain 
a  fifth  member,  which  has  been  provisionally  called  Ya.*  Not  much  is  known 
respecting  the  properties  of  this  earth,  but  from  the  little  I  can  glean  it  would  appear 
to  become  concentrated  with  the  samarium,  from  which  a  partial  separation  may  be 
effected  either  by  continuing  the  operation  of  fractional  precipitation  or  by  taking 
advantage  of  the  different  solubilities  of  their  double  potassic  sulphates  in  potassic 
sulphate  ;  the  potassio-samaric  sulphate  being  almost  insoluble  in  a  saturated  solution 
of  potassic  sulphate,  whilst  the  corresponding  salt  of  Ya  is  soluble  in  100  to  200 
volumes  of  the  same  solution.  By  persevering  in  this  mode  of  treatment  I  ultimately 
obtained  a  small  quantity  of  a  white  earth  which  gave  no  samarium  spectrum  in  the 
radiant  matter  tube.  Whether  or  no  it  was  Ya  I  cannot  say,  as  the  quantity 
obtained  was  insufficient  to  enable  me  to  determine  its  atomic  weight. 

The  Phosphorescent  Spectrum  of  Samarium. 

137.  Pure  samaric  sulphate  by  itself  gives  a  very  feeble  spectrum.  Some  of  the 
pure  salt  was  heated  to  redness,!  sealed  in  a  radiant  matter  tube,  and  carefully 
exhausted.  The  coil  was  adjusted  so  as  to  give  a  powerful  spark  ;  the  room  was  well 


Fig.  3. 


darkened,  and  the  eye  kept  shielded  from  extraneous  light.  It  was  difficult  to  hit  the 
exact  moment  of  exhaustion  between  the  disappearance  of  gas  and  non- conductivity, 
but  by  careful  watching  at  the  spectroscope  a  point  was  reached  at  which  the 

*  Maeignac,  ‘  Comptes  Rendus,’  vol.  90,  p.  899  ;  ‘  Chemical  News,’  vol.  41,  p.  250. 
t  Samaric  stilphate  is  not  decomposed  at  the  temperature  employed. 

MDCCCLXXXV.  4  Y 


710 


MR.  W.  CROOKES  OK  RADIANT  MATTER  SPECTROSCOPY. 


phosphorescence  appeared.  The  spectrum  consists  of  a  faint  band  in  the  red,  then  a 
sharp  orange  line  (146,  165),  next  a  wide  ill-defined  orange  band,  and  finally  an 
equally  ill -defined  green  band.  The  appearance  is  shown  in  fig.  3. 

138.  When,  however  the  samaria  is  mixed  with  lime  (114)  before  examination  in 
the  radiant  matter  tube,  the  change  is  very  striking,  and  the  spectrum  is,  if  any¬ 
thing,  more  beautiful  than  that  of  yttrium.  The  bands  are  not  so  numerous,  but  the 
contrasts  are  sharper.  Examined  with  a  somewhat  broad  slit,  and  disregarding  the 
fainter  bands,  which  require  care  to  bring  them  out,  the  spectrum  is  seen  to  consist  of 
three  bright  bands, — red,  orange,  and  green, — nearly  equidistant,  the  orange  being  the 
brightest.  With  a  narrower  slit  the  orange  and  green  bands  are  seen  to  be  double, 
and  on  closer  examination  faint  wings  are  seen,  like  shadows  to  the  orange  and  green 
bands.  In  this  spectrum  the  sharp  orange-coloured  line  (137)  of  pure  samaric  sulphate 
is  absent. 

139.  The  bands  are  best  seen  in  a  spectroscope  of  low  dispersion,  and  with  not  too 
narrow  a  slit.  In  appearance  they  are  more  analogous  to  the  absorption  bands  seen  in 
solutions  of  didymium  than  to  the  lines  given  by  spark  spectra.  Examined  with  a 
high  magnifying  power  all  appearance  of  sharpness  generally  disappears  :  the  scale 
measurements  given  below  must  therefore  be  looked  upon  as  approximate  only;  the 
centre  of  each  band  may  be  taken  as  accurately  determined  within  the  unavoidable 
errors  of  experiment,  but  it  is  impossible  to  define  their  edges  with  much  precision. 

140.  The  accompanying  cut  (fig.  4)  gives  as  good  an  idea  of  the  spectrum  of 

Fig.  4. 


samarium-calcium  as  is  possible  in  black  and  white.  The  numbers  along  the  top  are 
the  squared  reciprocals  of  wave-lengths,  and  are  on  the  same  scale  as  the  diagram 
of  the  yttrium  spectrum  (71)  given  in  my  Bakerian  Lecture  already  quoted.  The 
phosphorescing  mixture  in  the  tube  consisted  of  20  parts  of  pure  samaria  and  80  parts  of 
lime.  They  were  converted  into  nitrates  in  a  platinum  capsule,  and  then  decomposed 
by  excess  of  sulphuric  acid  and  ignited  at  a  dull  red  heat.  If  sulphuric  acid  is  added 
in  the  first  instance  there  is  a  difficulty  in  getting  the  earths  completely  converted. 

The  least  refrangible  band  seen  is  a  very  faint  red,  which  extends  from  ^  2310  to 

2400.  Here  a  much  stronger  red  band  begins  extending  to  2494.  The  first 
component  of  the  bright  orange  band  begins  at  2739  and  ends  at  2762.  Between 
2762  and  2798  is  a  dark  interval,  and  then  the  second  component  of  the  orange  band 
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is  seen  extending  from  2798  to  2818.  This  band  is  stronger  and  more  sharply  defined 
than  the  preceding  band.  A  faint  yellow  wing  extends  from  the  second  orange  band 
to  2942.  There  is  now  an  intensely  black  interval  reaching  to  3025  ;  here  a  faint 
yellowish-green  light  is  seen  extending  to  3149,  where  the  green  band  commences 
and  extends  to  3164.  Here  a  fainter  green  wing  begins,  and  extends  to  3270.  On 
this  wing  a  very  narrow  faint  green  band  is  seen,  having  its  centre  at  3190.  There  is 
then  another  dark  space,  after  which  three  ill-defined  blue  and  violet  bands  are  seen, 
too  faint  to  measure  accurately. 

141.  Preliminary  experiments  (114)  had  shown  me  that  lime  was  one  of  the  best 
materials  to  mix  with  samaria  in  order  to  bring  out  its  phosphorescent  spectrum,  but 
it  was  by  no  means  the  only  body  which  would  have  the  desired  effect.  More 
accurate  observations  were  now  taken  with  pure  materials  mixed  together  in  definite 
quantities.  The  bodies  employed  were  those  enumerated  in  par.  113.  Of  these  the 
following  induced  no  phosphorescence  : — zirconium,  cerium,  didymium,  copper,  silver, 
manganese,  and  tin  ;  silicic,  titanic,  tungstic,  molybdic,  niobic,  and  tantalic  acids. 

142.  The  other  substances  which  I  tried  caused  the  samarium  to  give  good 
phosphorescence  with  a  discontinuous  spectrum.  There  is  a  general  resemblance 
between  these  spectra,  but  nearly  all  of  them  differ  one  from  another  in  details.  In 
the  following  descriptions  I  will  take  the  calcium-samarium  spectrum  (140)  as  the 
standard  of  comparison : — 

Strontium  and  barium,  when  mixed  with  samarium,  give  almost  identical  spectra  ; 
the  red  band  is  similar  to  the  one  produced  by  calcium,  but  the  orange  bands  have 
become  a  blurred  orange  space,  with  outline  ill-defined  on  the  side  towards  the  red, 
and  sharper  at  the  more  refrangible  side.  There  is  no  trace  of  division  in  the  orange 
space  ;  but  the  green,  which  with  calcium  is  narrow  and  single,  becomes  with  barium 
and  strontium  a  well-defined  luminous  double  green  band,  with  a  sharp  black 
separating  interval. 

Beryllium  and  samarium  give  a  very  faint  phosphorescent  spectrum,  consisting  of  a 
red,  orange,  and  green  band  only  ;  the  green  occupying  the  position  of  the  second 
green  band  given  by  calcium-samarium. 

1 43.  Thorium  and  samarium  give  a  very  similar  spectrum  to  the  one  produced  by 
barium  or  strontium  with  samarium,  a  slight  difference  being  observable  in  the  orange, 
which  shows  signs  of  separation  into  two  components. 

Thorium,  as  oxide  or  sulphate,  by  itself  gives  no  phosphorescence  (26,  28),  and  in 
fact,  as  I  have  already  shown,  renders  the  vacuum  tube  non-conducting  ;*  samaria 

*  “  This  earth  is,  however,  remarkable  for  its  very  strong  attraction  for  the  residual  gas  in  the 
vacuum  tube.  On  putting  thorina  in  a  tube  furnished  with  well-insulated  poles,  whose  ends  are  about 
a  millimetre  apart  in  the  centre,  and  heating  strongly  during  exhaustion,  the  earth,  on  cooling,  absorbs 
the  residual  gas  with  such  avidity  that  the  tube  becomes  non-conducting,  the  spark  preferring  to  pass 
several  inches  in  air  rather  than  strike  across  the  space  of  a  millimetre  separating  the  two  poles.” — Proc. 
Roy.  Soc.,  No.  213,  1881,  Yol.  XXXII.,  p.  209. 
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likewise  gives  scarcely  any  phosphorescence  (137).  It  is,  therefore,  somewhat  remark¬ 
able  that  a  mixture  of  these  two  bodies  should  bring  out  the  samarium  spectrum  so 
brilliantly. 

Magnesium  and  samarium  give  the  red  band  and  second  orange  band  sharply  ;  the 
first  orange  is,  however,  obliterated,  and  its  place  occupied  by  a  faint,  broad,  ill- 
defined  band,  extending  to  the  orange  band.  The  green  band  is  very  wide,  faint,  and 
ill-defined. 

Zinc  and  samarium  give  the  red  band  as  usual,  but  there  is  only  one  orange  band, 
which  is  sharp,  and  occupies  the  position  of  the  interval  between  these  bands  in  the 
calcium  and  samarium  spectrum.  The  green  band  is  widened  out,  and  occupies  the 
position  of  the  second  green  band  of  the  thorium-samarium  spectrum. 

The  cadmium -samarium  spectrum  is  similar  to  that  of  zinc-samarium,  only  the 
green  band  is  still  wider,  and  extends  further  towards  the  red  end. 

1 44.  Lead  with  samarium  gives  a  very  brilliant  spectrum.  The  red  is  clear  and 
sharp,  and  has  a  narrow  faint  wing  on  each  side.  The  orange  is  one  wide  band,  with 
no  trace  of  division,  whilst  the  green  is  sharp  and  duplicated  as  in  the  thorium- 
samarium  spectrum,  to  which,  indeed,  it  bears  a  great  resemblance.  The  centres  of 

the  green  bands  are  at  ^  3133  and  3199. 

Lanthanum  and  samarium  phosphoresce  brightly,  and  give  a  very  sharp  spectrum 
consisting  of  three  bands,  closely  resembling  the  zinc-samarium  spectrum  ;  the  red, 
however,  not  being  so  bright  as  the  other  two  bands.  On  the  contrary,  cerium  or 
didymium  mixed  with  samarium  gives  no  phosphorescence. 

Aluminium  and  samarium  give  a  spectrum  resembling  the  corresponding  calcium 
one  as  to  the  red  and  double  orange,  but  having  a  very  broad,  somewhat  faint,  green 
band,  with  a  black  division  in  the  middle  occupying  the  position  of  the  bright  green 
band  of  calcium-samarium. 

Bismuth  and  samarium  gave  a  somewhat  faint  spectrum,  almost  identical  with  the 
lanthanum-,  zinc-,  cadmium-,  and  glucinum-samarium  spectrum. 

The  antimony-samarium  spectrum  is  almost  identical  with  that  with  bismuth,  the 
spectrum  being,  however,  much  fainter. 

145.  The  samarium  spectra,  modified  by  other  metals  as  above  described,  may  be 
divided  into  three  groups.  The  first  group  comprises  the  spectra  given  when 
glucinum,  magnesium,  zinc,  cadmium,  lanthanum,  bismuth,  or  antimony  is  mixed 
with  the  samarium.  It  consists  simply  of  three  coloured  bands,  red,  orange,  and 
green ;  as  a  typical  illustration  I  will  select  the  lanthanum -samarium  spectrum  (fig.  5). 
The  centres  of  tlie  bands  are — red  2429,  orange  2808,  and  green  3177. 

The  second  type  of  spectrum  gives  a  single  red  and  orange  and  a  double  green 
band.  This  is  produced  when  barium,  strontium,  thorium,  or  lead  are  mixed  with 
samarium.  The  lead-samarium  spectrum  (fig.  6)  illustrates  this  type.  The  centres  of 
the  bands  of  this  spectrum  are — red  2437,  orange  2830,  green  3133  and  3199. 
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The  third  kind  of  spectrum  is  given  by  calcium  mixed  with  samarium.  Here  the 
red  and  green  are  single,  and  the  orange  double.  Aluminium  would  also  fall  into  this 
class  were  it  not  that  the  broad  ill-defined  green  band  is  also  doubled.  The  calcium- 
samarium  spectrum,  already  illustrated  in  fig.  4  (140),  is  a  good  illustration  of  this 
type. 

Fig.  5. 


Fig.  6. 


Mixed  Samarium  and  Yttrium  Spectra. 


146.  It  was  interesting  to  ascertain  what  spectrum  a  mixture  of  samarium  and 
yttrium  would  give.  A  mixture  of  90  parts  of  samaria  to  10  of  yttria  was  treated  with 
sulphuric  acid  and  then  ignited,  and  afterwards  examined  in  the  radiant  matter  tube. 
The  result  was  as  remarkable  as  it  was  unexpected.  Scarcely  a  trace  of  the  yttrium 
spectrum  could  be  detected.  The  powder  phosphoresced  with  moderate  intensity, 
but  the  spectrum  was  almost  the  facsimile  of  that  given  by  pure  samaric  sulphate 
(137,  fig.  3),  except  that  the  sharp  orange  line,  which  in  the  spectrum  of  pure  samaric 
sulphate  is  only  just  visible,  had  gained  sufficiently  in  intensity  to  be  measurable,  and 
was  found  to  lie  at  2693.  I  next  tried  a  mixture  of  samaria  80,  and  yttria  20.  The 
spectrum  was  identical  with  the  one  last  observed,  with  one  striking  difference — the 
2693  line  now  shines  out  with  great  brilliancy  of  a  fine  orange-red  colour,  as  sharp  as 
a  gas  line,  and  so  unlike  the  bands  usually  met  with  in  the  spectra  of  phosphorescent 
earths  as  to  suggest  the  explanation  that  some  other  spectrum-forming  body  was 
present  in  the  mixture. 

The  next  tube  experimented  with  contained  70  parts  of  samaria  and  30  parts  of 
yttria.  The  spectrum  was  identical  with  the  one  last  observed.  The  sharp  orange 
line  was  present  in  full  intensity. 

147.  Mixtures  were  now  made  of  samaria  60,  yttria  40;  samaria  60'63,  yttria  39'37 
(equivalent  proportions  of  the  two  earths) ;  in  this  last  a  slight  division  could  be 
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detected  in  the  green  band.  The  following  experiments  were  continued ;  mixtures 
were  prepared  in  the  following  proportions  : — 


Samaria. 

Yttria. 

58 

42 

56 

44 

54 

46 

53 

47 

52 

48 

51 

49 

50 

50 

49 

51 

48 

52 

47 

53 

46 

54 

45 

55 

The  results  were  almost  identical  with  those  yielded  by  the  previous  mixtures. 
The  green  band  gradually  condensed  into  two  bands  at  3133  and  3199  as  the  pro¬ 
portion  of  yttria  increased  ;  the  first  green  band  was  stronger  than  the  other,  and  the 
wide  orange  band  began  to  show  signs  of  a  wing  on  the  side  next  the  green.  At  this 
stage  the  spectrum  nearly  resembled  the  lead-samarium  spectrum  (145,  fig.  6).  Very 
little  of  the  yttria  spectrum  could  be  detected,  and  the  brilliant  orange  line  stood 
out  sharply  in  the  whole  series. 

In  the  next  mixture — samaria  44,  yttria  56 — a  faint  band  ^  3038^,  was  visible  by 

the  side  of  the  two  green  bands,  in  the  position  occupied  by  the  yellow  band  of 
yttria. 

148.  The  experiments  were  continued,  and  the  following  mixtures  were  made  and 
and  carefully  mapped  : — 


Samaria. 

Yttria. 

43. 

57 

42 

58 

41 

59 

40 

60 

39 

61 

The  faint  line  first  observed  in  samaria  44,  yttria  56,  gradually  got  stronger,  and 
there  were  also  signs  of  a  double  green  band  in  about  the  position  occupied  by  the 
yttrium  green. 

149.  The  change  which  had  been  rapidly  coming  over  the  spectra  since  samaria  43, 
yttria  57,  was  now  nearly  accomplished,  and  in  the  next  trial  mixture —samaria  35, 
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yttria  65 — the  only  indication  that  could  now  be  found  of  the  samarium  spectrum  was 
seen  in  the  two  faint  green  bands  next  to  the  citron  line  of  yttria,  a  faint  yellow  band, 
and  the  new  orange  line,  which  shone  out  as  brightly  and  sharply  as  ever. 

The  series  was  continued  : — 


Samaria. 

Yttria. 

30 

70 

25 

75 

20 

80 

10 

90 

5 

95 

In  each  case  a  careful  map  of  the  spectrum  was  taken  on  the  —  scale,  and  each  spec¬ 
trum  was  found  to  be  practically  identical.  Slight  differences  in  the  relative  intensities 
of  some  of  the  bands  were  observed  ;  but  the  general  character  of  the  spectrum  was 
unaltered.  The  yttria  spectrum  now  shone  forth  with  scarcely  any  band  of  samaria, 
except  that,  standing  out  beyond  the  other  bands  in  sharpness  and  brilliancy,  the  2693 
line  was  present  in  all. 

150.  It  will  be  remarked  that  a  sudden  change  occurs  between  the  two  mixtures, 
samaria  45,  yttria  55,  and  samaria  35,  yttria  65  ;  on  one  side  the  spectrum  pertains  to 
that  of  samaria,  whilst  on  the  other  side  the  spectrum  is  that  of  yttria,  the  new  orange 
line  running  equally  across  them  all. 


Fig.  7. 


Fig.  8. 


151.  The  diagrams  of  some  of  these  intermediate  spectra  shown  in  the  accompany- 
mg  figures  illustrate  how  sudden  is  the  transformation  from  the  samarium  to  the 
yttrium  spectrum.  Fig.  7  is  the  spectrum  of  a  mixture  of  44  parts  samaria  and  56 
parts  yttria,  and  except  for  the  increased  strength  of  the  orange  line,  and  a  faint  trace 
of  the  red  and  yellow  yttria  bands,  it  is  the  pure  samarium  spectrum.  Fig.  8  is  the 
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spectrum  of  42  samaria  and  58  yttria,  and  is  built  up  of  some  of  the  component  bands 
of  the  spectrum  of  each  earth  :  whilst  in  fig.  9,  the  spectrum  of  39  samaria  and  61 
yttria  is  seen  to  be  almost  the  yttria  spectrum. 

Fig.  9. 


152.  I  have  already  shown  (86)  that  one  part  of  yttrium  can  be  detected  spectro¬ 
scopically  in  the  presence  of  a  million  parts  of  calcium,  and  the  reaction  is  almost  as 
sensitive  if  other  earths  are  taken  instead  of  lime.  Again,  the  spectrum  test  for 
samarium  is,  if  possible,  even  more  delicate  (156  to  163),  one  part  being  detectible 
when  mixed  with  more  than  two  million  parts  of  calcium. 

Fig.  10. 


153.  The  accompanying  diagram  (fig.  10)  shows  at  a  glance  the  remarkable  effect 
these  two  earths  have  of  masking  each  other’s  spectrum  reactions.  The  ordinates 
above  the  horizontal  zero  line  represent  the  percentages  of  samaria  in  the  mixtures 
examined,  and  the  lower  ordinates  show  the  percentages  of  yttria  present.  The  dots 
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on  the  horizontal  line  show  the  actual  mixtures  experimented  with  (146  to  149). 
The  part  to  the  left  covers  the  mixtures  showing  a  preponderance  of  the  samarium 
spectrum,  and  the  right-hand  portion  shows  the  mixtures  which  give  preponderance 
to  the  yttrium  spectrum  only.  The  intermediate  portion  covers  the  narrow  border¬ 
land  in  which  the  fainter  mixed  spectra  were  observed. 

In  no  mixture  does  the  resulting  spectrum  contain  the  complete  spectrum  of  either 
earth,  many  bands  of  each  being  suppressed. 

154.  It  was  of  interest  to  ascertain  whether  the  orange  line  2693  could  be  evoked 
by  mechanically  forming  a  mixture  which,  when  prepared  chemically,  gave  the  line 
strongly. 

A  radiant  matter  tube  was  made  in  the  form  of  a  double  bulb,  as  shown  in  Fig.  11. 


Fig.  11. 


In  one  half  was  introduced  ignited  samaric  sulphate,  and  in  the  other  half  the  same 
weight  of  yttric  sulphate,  each  being  finely  powdered.  The  tube  was  well  exhausted 
and  the  powders  separately  examined  with  the  spectroscope.  Each  gave  its  charac¬ 
teristic  spectrum  (72,  137).  The  double  bulb  was  now  sealed  off,  and  the  powders 
well  mixed  by  violent  agitation.  On  careful  examination  it  was  seen  that  the 
spectrum  shown  by  the  mixture  was  simply  that  of  the  two  components  superposed, 
and  had  no  resemblance  to  the  spectrum  shown  by  a  similar  mixture  prepared  by 
solution  and  chemical  action  (fig.  13.) 

The  Action  of  Calcium  on  the  Samarium-Yttrium  Spectrum. 

155.  The  addition  of  calcium  to  mixtures  of  samarium  and  yttrium  has  the  effect 
of  greatly  developing  the  samarium  spectrum,  and,  pari  passu,  of  impairing  the 
sharpness  of  the  bands  of  the  yttria  spectrum.  This  exaltation  of  the  samarium 
bands  is  not,  however,  effected  without  a  corresponding  loss.  The  brilliantly  sharp 
orange  line  2693  entirely  disappears. 

Fig.  12  is  a  drawing  of  the  spectrum  given  by  a  mixture  of  equal  parts  of  samaria, 
yttria,  and  lime.  On  comparing  it  with  fig.  13,  which  represents  the  spectrum  given 
by  the  same  mixture  without  the  lime,  it  will  be  seen  that  the  action  is  as  might  have 
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been  anticipated  from  previous  experiments.  The  lime  has  divided  the  samarium 
orange  band  and  strengthened  the  red,  whilst  it  has  increased  the  brilliancy  of  the 
yttrium  citron  and  green,  and  brought  out  the  blue  and  violet  bands. 

Fig.  14  is  a  representation  of  the  spectrum  given  by  a  mixture  of  samaria  2,  yttria  54, 
and  lime  44.  Even  with  this  large  amount  of  yttria  present  the  samarium  spectrum 
greatly  overpowers  that  of  yttrium.  Without  the  lime  very  little  samarium  would  be 
visible  in  this  mixture  (149). 

Fig.  12. 


Fig.  13. 


The  Delicacy  of  the  Spectrum  Test  for  Samarium. 

156.  The  foregoing  observations  had  prepared  me  for  the  exceeding  delicacy  of  this 
spectroscopic  test  for  samarium.  Experiments  were  now  commenced  with  the  object 
of  getting  some  approach  to  a  quantitative  estimate  of  how  small  a  quantity  of 
samarium  could  be  detected. 

A  solution  of  specially  purified  calcic  nitrate  (79)  which  was  found  to  contain  neither 
yttrium  nor  samarium  by  the  radiant  matter  test,  was  standardised,  so  that  one  part 
of  calcium  was  contained  in  50  parts  of  solution. 

157.  A  standard  solution  of  samaric  nitrate  was  made  containing  1  part  of  samarium 
in  100,000  parts  of  solution. 

These  solutions  were  mixed  in  the  proportion  of  1  part  samarium  to  100  parts  of 
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calcium.  The  spectrum  (fig.  15)  was  very  brilliant,  and  but  little  inferior  in  sharp¬ 
ness  to  the  spectrum  given  by  a  50  per  cent,  mixture. 

Pig.  15. 


158.  A  mixture  was  now  prepared  containing  1  part  of  samarium  to  1000  parts  of 
calcium.  Very  little  difference  could  be  detected  between  the  spectrum  of  this 
mixture  and  that  of  the  last.  The  bands  were,  however,  a  little  less  sharp.  Fig.  1 6 
shows  the  appearance  of  this  spectrum. 

Pig.  16. 


159.  A  mixture  containing  1  part  of  samarium  to  10,000  parts  of  calcium.  The 
resulting  spectrum  is  shown  in  fig.  1 7.  The  bands  are  now  getting  fainter,  the  second 

Fig.  17. 


green  band  is  fading  out,  and  the  continuous  spectrum  of  calcic  sulphate  is  getting 
brighter. 

Fig.  18. 


160.  The  next  mixture  tried  contained  1  part  of  samarium  in  100,000  parts  of 
calcium.  The  appearance  of  the  spectrum  is  shown  in  fig.  18.  Here  the  green  is 
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almost  gone,  being  overshadowed  by  the  continuous  spectrum  of  calcium  which  has 
spread  over  it.  The  red  band  has  likewise  almost  disappeared  in  the  greater  brightness 
of  the  continuous  red  of  the  calcic  spectrum.  The  double  orange  band  is  still  very 
prominent,  and  the  black  space,  2942,  between  it  and  the  green  is  very  marked. 

161.  The  next  mixture,  1  part  of  samarium  to  500,000  parts  of  calcium,  gives  a 
spectrum  which  is  fainter  than  the  last,  but  the  orange  bands  are  still  distinctly 

Fig.  19. 


visible.  The  black  space  between  the  yellow  and  green  is  strongly  marked,  but 
narrower  than  before.  Fig.  19  shows  the  appearance  of  this  spectrum. 

162.  A  mixture  of  1  part  of  samarium  in  1,000,000  parts  of  calcium  was  next 
subjected  to  experiment.  In  this  the  samarium  spectrum  is  very  feeble,  and  the 


Fig.  20. 


orange  bands  are  only  to  be  seen  with  difficulty.  Now  the  most  striking  characteristic 
of  this  spectrum  is  the  black  space  which  still  cuts  out  the  greater  portion  of  the 
yellow.  Fig.  20  represents  this  spectrum. 

163.  A  mixture  of  one  of  samarium  in  2,500,000  parts  of  calcium  was  now  taken. 


Fig.  21. 


In  the  spectrum  shown  by  this  mixture  the  bands  of  samarium  have  entirely  gone, 
and  its  presence  now  is  apparent  only  by  the  darkening  in  the  yellow  portion  of  what 
otherwise  would  be  a  continuous  spectrum.  Fig.  21  shows  this  appearance. 


MR.  W.  CROOKES  ON  RADIANT  MATTER  SPECTROSCOPY. 


721 


164.  Finally  the  calcium  spectrum  by  itself  was  examined.  It  is  continuous,  with 
no  break,  lines,  or  bands  in  it. 


The  Anomalous  Line  —  2693. 

V 

165.  On  several  occasions  I  have  spoken  of  an  orange  line,  2693,  which  by  its 
brilliancy  and  sharpness  is  a  prominent  object  in  most  of  the  samarium-yttrium 
spectra.  With  samaric  sulphate  it  is  exceedingly  faint.  With  samaria  containing 
5  per  cent,  of  yttria  it  is  very  little  brighter ;  with  1 0  per  cent,  of  yttria  it  gains 
a  little ;  with  15  per  cent,  it  is  brighter  still,  and  with  a  mixture  of  80  parts  samaria 
and  20  parts  yttria  it  is  at  its  maximum  intensity.  It  continues  to  be  the  most 
striking  feature  in  the  spectra  of  the  various  mixtures  of  samaria  and  yttria  until  the 
proportion  becomes  samaria  3,  yttria  97,  when  it  begins  to  get  less  bright,  and  only 
when  pure  yttria  is  reached  does  it  altogether  vanish. 

The  accompanying  diagram  (fig.  22)  shows  the  rise  and  fall  in  intensity  of  this 
bright  line,  with  the  proportions  of  samaria  and  yttria  experimented  on. 


Fig.  22. 


166.  It  is  noteworthy  that  so  long  as  this  bright  line  is  a  component  of  the 
spectrum,  the  other  bands  manifest  decidedly  less  intensity  than  they  do  in  other 
phosphorescent  spectra  where  this  line  is  absent.  Many  of  the  bands  usually  present 
in  the  samaria  and  yttria  spectra  are  also  suppressed.  The  profound  modification  in 
the  spectra  of  samaria  and  yttria  developed  by  their  mixture  is,  I  believe,  without 
precedent  in  spectrum  analysis.  The  molecules  of  each  earth,  samaria  and  yttria, 
which  separately  are  capable  of  vibrating  rhythmically  and  of  giving  a  characteristic 
phosphorescent  spectrum,  when  mixed  yield  a  spectrum  approaching  in  character 
that  of  samaria  or  of  yttria,  according  as  one  or  other  earth  preponderates,  and 
produce  the  dominant  line  2693. 

167.  In  this  and  the  former  paper  on  Radiant  Matter  Spectroscopy,  much  stress 
has  been  laid  on  the  sensitiveness  of  the  Radiant  Matter  test  for  indicating  the 
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presence  of  samarium  and  yttrium  ;  but  it  might  be  argued,  from  the  anomalies  that 
arise  when  both  these  elements  occur  together,  that  in  reality  the  Radiant  Matter  test, 
however  delicate,  is  one  not  to  be  depended  upon.  For  instance,  it  might  reasonably 
be  asked  what  inference  is  to  be  drawn  in  the  case  of  certain  minerals  treated  with 
sulphuric  acid  and  tested  in  the  vacuum  tube,  and  found  to  give  only  a  feeble 
spectrum  ?  Does  this  prove  the  absence  of  all  but  traces  of  either  samarium  or 
yttrium,  or  does  it  show  the  presence  of  both  these  earths  in  considerable  quantity  ? 
The  answer  is  simple.  In  spite  of  the  perplexing  anomalies  that  have  come  to  light, 
and  are  described  in  this  paper,  regarding  the  influence  of  these  two  phosphorescing 
earths  on  each  other,  no  single  instance  has  occurred  during  the  work  connected  with 
this  subject  in  which,  with  the  experience  now  gained,  brilliant  phosphorescence  and 
a  characteristic  spectrum  could  not  be  evolved  from  any  mixture  containing  both  or 
either  of  the  earths  samaria  and  yttria.  If,  after  treatment  with  sulphuric  acid  and 
ignition,  the  earthy  mixture  gives  a  pure  spectrum  of  either  yttria  or  samaria, 
and  the  line  2693  is  absent,  it  is  pretty  safe  to  assume  that  the  particular  earth 
indicated  is  alone  present.  If,  however,  the  spectrum  is  not  quite  characteristic, 
or  the  anomalous  line  2693  is  present,  it  is  not  sufficient  to  test  the  unknown  mineral 
or  mixture  direct  in  the  vacuum  tube.  It  must  first  be  treated  chemically  to  separate 
the  samaria  and  yttria  (123,  133),  and  lime  must  be  added  before  testing  in  the 
radiant  matter  tube  (138),  when  the  spectrum  immediately  makes  its  appearance  if 
either  of  these  earths  be  present  in  the  smallest  quantity.  Although  I  say  lime  is  to 
be  added,  many  other  substances  perform  the  same  office  of  eliciting  the  spectrum, 
such  as  baryta,  lead,  &c.  (142 — 145)  ;  but  my  chief  experience  has  been  with  lime, 
and  I  have  always  found  it  to  give  uniform  results  under  varied  conditions. 

One  important  lesson  taught  by  the  many  anomalies  unearthed  in  these  researches 
is,  that  inferences  drawn  from  spectrum  analysis  per  se  are  liable  to  grave  doubt, 
unless  at  every  step  the  spectroscopist  goes  hand  in  hand  with  the  chemist.  Spectro¬ 
scopy  may  give  valuable  indications,  but  chemistry  must  after  all  be  the  court  of  final 
appeal. 

168.  Chemistry,  however,  by  itself  would  have  been  helpless  to  solve  the  difficulties 
had  it  not  been  possible  to  appeal  at  every  step  to  the  radiant  matter  tube  and  to  the 
spectroscope.  The  problems  to  be  solved  are  so  new  as  to  be  entirely  outside  the 
experience  of  laboratory  work.  A  double  orange-coloured  band  shows  itself  in  a  faint 
emission  spectrum  obtained  under  novel  circumstances.  On  further  examination  the 
band,  or  one  not  far  from  it,  is  seen  to  occur  in  minerals  of  very  divergent  kinds  and 
apparently  irrespective  of  their  chemical  constitution  or  locality,  as  well  as  in  labora¬ 
tory  reagents  and  chemicals  of  assured  purity.  This  band  is  sometimes  accompanied 
by  bands  in  other  parts  of  the  spectrum,  and  occasionally  shifts  its  place  to  the  right 
or  to  the  left.  Frequently  the  orange  band  disappears  and  a  citron-coloured  band 
takes  its  place.  Chemical  research  continued  for  a  longer  time  than  most  chemical 
researches  require  fails  to  throw  any  light  on  the  subject.  These  being  the  conditions 
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of  the  problem,  the  very  last  explanation  likely  to  occur  to  the  enquirer  would  be  that 
these  elusive  shifting  bands  were  due  to  the  presence  of  two  elements  almost  universally 
distributed,  and  that  these  two  elements  should  be  yttrium  and  samarium, — yttrium 
one  of  the  rarest  of  known  elements,  and  samarium,  almost  unknown  at  the  time  its 
spectrum  reaction  was  first  discerned. 


Description  of  the  Coloured  Lithograph. 

PLATE  75. 

The  uppermost  spectrum  is  that  of  yttric  sulphate  in  the  radiant  matter  tube.  It 
is  copied  in  colours  from  the  author’s  Bakerian  Lecture  already  quoted,  and  is  placed 
at  the  head  of  the  coloured  spectra  for  convenience  of  comparison. 

The  other  spectra  are  coloured  copies  of  the  illustrations  in  the  text,  and  are 
designated  by  the  same  numbers. 
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The  present  communication  forms  a  continuation  of  some  researches  the  first  part  of 
which  was  published  in  Part  I.  of  the  Transactions  for  1884.#  In  that  paper  was 
considered  the  case  of  a  circular  hollow  with  cyclic  motion  round  it.  In  the 
following  pages  the  more  general  case  is  investigated  where  the  core  is  of  different 
density  from  that  of  the  surrounding  fluid,  has  a  hollow  inside  it,  and  circulations 
additional  to  that  due  to  the  rotational  filaments  actually  present.  The  investigation 

*  References  to  this  are  in  square  brackets,  thus  [I.  5].  [T.  F.]  refers  to  a  paper  on  “  Toroidal 

Functions”  in  Phil.  Trans.,  Vol.  172  (1881),  containing  the  theory  of  the  functions  used. 
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is  not  merely  one  of  mathematical  interest,  for  the  vortex  atom  theory  of  matter 
has— so  far  as  it  has*  yet  been  developed — shown  such  claims  on  our  consideration 
that  anything  throwing  light  on  it  will  be  of  value.  The  supposition  of  a  dense  core 
may  possibly  be  necessary  to  account  for  the  different  masses  of  the  various  elements. 

As  soon  as  the  existence  of  a  core  is  postulated  the  ring  at  once  becomes  more 
complex,  depending  on  the  density  (or  even  the  arrangement  of  density)  of  its  core, 
on  its  vorticity,  and  on  the  presence  or  absence  of  additional  circulations.  In  what 
follows  the  vorticity  has  been  taken  uniform  ;  this  not  only  greatly  simplifies  the 
mathematical  methods,  but  is  also  the  case  we  should  naturally  choose  first  to  investi¬ 
gate.  In  the  general  investigation  the  density  is  taken  to  be  different  from  that  of 
the  surrounding  fluid.  The  ring  is  supposed  hollow,  with  an  additional  circulation 
round  it,  and  another  additional  circulation  round  the  outer  boundary  of  the  core.  It 
is  evident  that  the  presence  of  the  former  circulation  necessitates  the  perpetual 
existence  of  the  hollow.  It  is  shown  that  the  presence  of  the  latter  circulation  is 
necessary  to  render  the  ring  stable  when  its  density  is  greater  than  that  of  the  rest 
of  the  fluid. 

As  in  the  former  paper,  the  investigation  is  divided  into  three  sections.  The  first 
is  preliminary  and  deals  with  the  necessary  functions  and  their  approximate  values. 
The  second  is  devoted  to  the  consideration  of  the  state  of  steady  motion.  Here  the 
approximations  are  carried  in  the  beginning  so  far  as  to  include  the  second  order  of 
infinitesimals,  but  this  necessitates  in  certain  parts  approximation  to  the  fourth  order. 
It  has  been  carried  to  this  order  for  future  work  ;  the  reader  however  may,  so  far  as 
the  results  of  the  present  communication  are  concerned,  without  any  loss  of  intelligi¬ 
bility,  pass  over  the  parts  giving  the  calculation  of  the  highest  orders.  The  third 
section  discusses  the  question  of  fluted  vibrations,  of  pulsations,  and  of  stability. 

When  the  motion  is  steady  the  sectional  centre  *  of  the  hollow  lies  outside  that  of 
the  core.  In  general  (§9)  if  Cx  is  its  position  (with  given  outside  boundary)  when  the 
inner  additional  circulation  is  very  large,  and  Co  when  the  same  quantity  is  zero,  Cj  is 
outside  of  C3  and  the  position  of  C  when  the  additional  circulation  is  general,  is  the 
centre  of  gravity  of  masses  proportional  to  the  added  circulation  at  C:  and  the  circula¬ 
tion  due  to  the  core  itself  at  C3.  When  the  hollow  is  just  zero,  the  distance  of  C2  from 
the  sectional  centre  of  the  core  bears  to  the  sectional  radius  the  ratio  5r/8(X  where  r 
is  the  sectional  radius,  and  a  the  radius  of  the  ring.  This,  therefore,  is  the  point  where 
the  hollow  begins  to  form  when  the  energy  is  sufficiently  increased.  If  with  the  same 
outer  boundary  the  mass  of  the  core  be  lessened  (or  size  of  hollow  increased)  C3  moves 
in  and  ultimately  coincides  with  the  centre  of  the  outer  section.  The  position  of  Cx 
alters  in  the  same  manner,  only  in  this  case  the  hollow  can  never  vanish. 

If  m  be  the  volume  of  the  core,  II  the  pressure  at  an  infinite  distance,  p  the  circula¬ 
tion  when  there  are  no  additional  ones,  and  d,  d'  the  densities,  then  (§  10)  a  hollow  will 

*  By  sectional  centre  is  meant  the  centre  of  the  cross-section  ;  by  apertural  centre  is  meant  the  centre 
of  the  aperture. 
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begin  to  form  when  the  radius  of  the  ring  is  4mll/ p\d-\-d').  So  long  as  the  core  is 
simply  continuous  the  volume  is  constant,  and  therefore  the  sectional  radius  varies 
inversely  as  the  square  root  of  the  radius  of  the  ring.  When  there  is  no  core  it  was 
shown  in  the  former  paper  that  the  sectional  radius  of  the  hollow  remained  constant. 
In  the  general  case,  after  a  hollow  is  formed  the  sectional  radius  of  the  core  changes 
more  slowly,  and  the  additional  circulations  add  to  this  tendency.  The  outer  section 
always  decreases  as  the  aperture  increases,  but  when  the  hollow  becomes  large  this 
decrease  is  very  small,  and  the  sectional  radius  of  the  core  remains  almost  constant. 
The  sectional  radius  of  the  hollow  also  increases  with  the  aperture.  In  cases  where  a 
hollow  begins  to  form  the  sectional  radius  at  that  time  is  equal  to  v^l+cr  times  its 
ultimate  value  ;  or  being  the  density  of  the  core  with  respect  to  the  surrounding  fluid. 

The  expansibility  of  the  ring  due  to  the  presence  of  a  hollow  has  a  marked  effect 
on  the  variation  of  the  velocity  of  translation  with  increasing  aperture,  the  tendency 
being  to  make  the  variation  smaller. 

With  an  internal  additional  circulation  the  ring  will  possess  internal  energy  com¬ 
parable  with  that  of  the  external  fluid.  It  will,  however,  decrease  as  the  whole  energy 
is  increased.  This  is  of  importance  for  the  general  theory  of  gases. 

The  fluted  vibrations  in  general  consist  of  two  sets  of  two,  travelling  in  opposite 
directions  round  the  core,  the  modes  being  defined  by  the  number  of  flutings.  For  a 
single  continuous  core  there  are  two  sets  ;  for  a  hollow  core  without  an  internal 
additional  circulation,  there  are  three  sets  together  with  a  standing  wave  (where  the 
time  of  vibration  is  infinite) ;  for  two  additional  circulations  we  get  four  sets,  the 
times  being  determined  by  a  biquadratic,  which  I  have  not  succeeded  in  solving  in 
general  terms.  When  there  is  no  rotational  core  the  motion  is  always  stable.  When 
there  is  a  simple  continuous  core,  whose  density  referred  to  the  outer  fluid  is  cr,  and 
no  additional  inner  circulation,  the  ratio  of  the  outer  circulation  to  that  due  to  the 

core  must  be  >  cr  )/(lfl-cr)|.  When  there  is  no  additional  circulation,  or 

no  slip  over  the  core,  the  ring  cannot  be  always  stable  unless  cr<v/2.  These  con¬ 
ditions  hold  until  a  hollow  has  formed.  When  there  is  a  hollow  and  no  internal 
additional  circulation,  the  simple  ring  usually  considered  is  still  stable.  But  if  the 
core  is  denser  than  the  surrounding  fluid,  it  is  always  stable  only  when  the  outer 
additional  circulation  is  larger  than  a  certain  critical  value  depending  on  the  densities 
and  the  circulations.  If  it  is  less  than  this  critical  value  the  ring  becomes  unstable  at 
some  point  as  the  aperture  increases.  When  the  density  of  the  core  is  very  large,  of 
the  order  1(F  (p  large)  this  critical  value  is  •y/f-  ]  0 p/3  times  the  circulation  of  the  core 
itself. 

The  condition  of  stability  when  there  is  an  inner  additional  circulation  depends  on 
the  reality  of  the  roots  of  a  biquadratic  equation,  and  the  general  conditions  are  not 
discussed,  but  the  same  property  of  the  outer  additional  circulation  preserving  the 
stability  clearly  holds  good.  The  motion  is  always  stable  for  pulsations. 

5  A  2 
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These  conditions  of  stability  only  reach  so  far  as  fluted  vibrations  and  pulsations 
are  concerned.  The  question  of  the  stability  for  twisted  and  beaded  vibrations  is  not 
considered.  J.  J.  Thomson  has  proved  that  simply  continuous  rings  of  the  same 
density  as  the  rest  of  the  fluid  are  stable  for  these  kinds  of  vibrations.  The  general 
case  yet  remains  to  be  investigated. 

Some  of  the  simpler  results  are  here  collected  for  the  sake  of  reference. 


(distance  of  from  sectional  centre)/?" 
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The  general  formula  for  the  velocity  of  translation  is  given  in  eq.  (44),  the  following 
are  cases 

y=^T-i) . (45) 
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jx  =  circulation  due  to  vortex  filaments 
fil  =  added  inner  circulation 
jx.2  =  wdiole  outer  circulation 

p  =  ratio  of  density  of  outside  fluid  to  density  of  core 
m  =  volume  of  core 
r  —  outer  sectional  radius 
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r'  =  inner  sectional  radius 
x  =  (r'/r)3 

r0  =  value  of  r  when  the  aperture  is  infinite 
a  =  radius  of  ring 

a1  =  radius  of  ring  when  the  hollow  begins  to  form 
rx  =  sectional  radius  ,,  ,,  „  „ 

V  =  velocity  of  translation 


Section  I. — Preliminary. 

1.  The  motion  we  are  about  to  consider  is  one  of  steady  motion  in  a  fluid,  part  of 
winch  is  rotational.  If  xp  denote  the  stream  function,  co  the  angular  rotation,  and  p,  z, 
the  cylindrical  co-ordinates  of  a  point,  then 

b2x}r  .b~yjr  1  bifr 

~b^  +  I^~p'bp  =  201p 


Now  when  the  motion  is  steady  the  rotations  are  so  arranged  that  the  vort icily  is  a 
function  of  the  stream  line  or  2 oj/ p=f(\jj).  For  steady  motion  then  we  have 


b~yfr  b~\y 

~b#+~b^ 


1  b'\Jr 

P  hP 


=pV(xIj ) 


Before,  therefore,  it  is  possible  to  discuss  the  properties  of  any  vortex  ring  it  is 
necessary  to  know  its  vorticity.  The  case  considered  in  the  following  pages  is  that 
where  the  vorticity  is  constant.  The  methods  developed  will  however  apply  to  any 
cases  where  the  motion  is  arranged  in  anchor-ring  shells,  the  vorticity  in  any  shell 
being  constant.  Here  then  f(\p)  is  a  constant  =  A  (say).  A  particular  integral  is  then 
at  once  obtained,  viz.,  i//=-|A p4,  and  the  general  solution  becomes  [I.  §  1]. 

*/>— -g-A p4+  So  (AbR»-J-  BAh)  cos  (nv- |-a„) 


Since  the  translatory  motion  is  uniform  the  problem  may  be  reduced  to  one  of 
steady  motion  by  impressing  on  every  point  a  velocity  equal  and  opposite  to  V,  the 
velocity  of  translation.  The  stream  function  for  the  fluid  outside  the  core  will  then 
be  of  the  form 

^2=  —  -^Xo  A/R,,  cos  nv . (1) 

whilst  for  the  portion  of  fluid  constituting  the  core  it  is  of  the  form 


xpi=lAP^+-y=^o(AnUn+BuTn)  cos 


nv 


(2) 
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We  shall  assume — an  assumption  to  be  justified  by  the  result — that 

( A  + B„T  n )/( A„_  l  Tt„_  1  -f  B„_  1T„_1 ) 

is  of  order  k,  or  of  the  first  order  of  small  quantities  by  which  the  approximation 
proceeds.  In  this  case  A„/A*_1  is  of  order  kz,  and  B^/B^  of  zero  order,  in  other 
words  A„/A0  of  order  k~>l,  and  B„  of  the  same  order  as  B0,  but  there  is  no  means  at 
present  of  determining  the  order  of  A0,  or  A'0  with  reference  to  B0. 

2.  The  most  general  case  considered  is  where  the  core  is  hollow,  and  has  therefore 
an  inner  free  surface,  and  an  outer  surface  common  with  the  fluid  moving  irrotation- 
ally.  The  cross  sections  of  these  surfaces  will  approximate  to  circles.  Take  the 
critical  circle  (radius  a)  of  our  curvilinear  coordinates  to  be  that  belonging  to  the 
mean  circle  of  the  inner  cross  section,  and  for  this  mean  circle  let  k  be  kv  Its 
actual  form  can  then  be  represented  by  the  equation 

k=k1(l+a,  cos  2-y+  a3  cos  3i>+  .  .  .  ) . (3) 

where  an  is  of  order  kn. 

The  outer  surface  can  be  represented  by  the  form 

k=k2(l-]-/31  cos  v-\-/32  cos  2v-\-/3s  cos  3v-f  .  .  .  ) . (4) 

where,  as  in  the  former  case,  /3„  is  of  order  kn. 

It  might  be  thought  that  it  would  be  possible  to  represent  the  outer  surface  by  an 
equation  of  the  first  form,  and  the  inner  surface  by  one  of  the  second  form.  But  we 
have  no  right  to  do  this,  for  the  inner  surface  might  not  contain  the  critical  circle,  and 
it  would  then  be  impossible  to  represent  it  by  the  second  form.  To  assume  that  form 
for  it  would,  therefore,  be  equivalent  to  assuming  that  the  inner  surface  contains  the 
critical  circle  of  the  outer.  Now,  the  outer  must  evidently  contain  that  of  the  inner, 
hence  the  equations  above  given  can  actually  represent  them. 

The  mean  circle  approximating  most  closely  to  the  outer  surface  will  not  be  that 
represented  by  k2,  but  one  which  does  not  belong  to  the  system  k  at  all.  It  will  be 
necessary  to  know  the  distance  of  its  centre  from  that  of  the  inner  mean  circle. 
Now  [T.  F.,  Eq.  6]  if  R,  r,  denote  the  radius  of  the  axial  circle,  and  of  the  cross- 
section  respectively  of  a  tore  (u), 

ItyV=C  a/r—  S 

Hence  for  the  inner  surface 

radius  of  cross-section =a/S  =2akl 
radius  of  ring  =mO/S  =  a(l  +  2£13) 


}to  second  order. 
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To  determine  the  similar  quantities  for  the  outer  surface  let  it  meet  the  plane  of 
the  ring  in  the  points  (//,  k"),  then 


k'=k2(  1  — /3i)  k"=k2(  1+A)  (to  the  second  order). 

Hence 

radius  of  cross-section=^{(R,/+r,/)— (R' — r')} 
radius  of  ring  =  |{(R/ — r')  +  (R"  +  r")} 


From  these  it  follows  easily  that 

radius  of  section  —  2ak.2 
radius  of  ring  =a{l-\-2k.2-{-2k.2/31) 
and  distance  between  centres  of  mean  cross  sections 

=  2a(k22—kl2+k2/3l) 


the  centre  of  the  outer  lying  outside  that  of  the  inner. 
The  volume  of  the  core  will  be 


dn  dn' 
die  dv 


dudv 


(5) 


taken  over  the  section.  Let  us  first  find  the  volume  of  the  surface  bounded  by 

£=£3(1-)-/^  cos  v  .  .  .) 
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(C— c)2  C!\  ~C~CsT  ■  ■  ■  / 

=  4F(  1  +  4&2+4&  cos  v-\-§k2  cos  2v-\-  .  .  .) 


Along  the  boundary  k=kl(l-\-(31  cos  v-\-/3.2  cos  2v), 
Therefore  to  the  second  order  in  the  bracket 


(C^=4^^1  +  4^2+2/3i2+6^1+i?cos'y~F(?cos2r+  .  .  .} 
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Hence  volume 

=  Sn*a%\l  +  4£13+l/312+  6/3^) 

or  volume  of  core 

=  8tt%3{Z;22— k]*)  +  ±/3l%z+6f3lk3}=rn  (say).  ...  (6) 
i.e.,  to  lowest  order 

m=8'7jza3(Jcc?—Jc12) . (7) 

3.  The  circulation  of  the  ring,  taking  the  velocity  through  the  ring  as  positive,  is 


taken  over  the  cross  section.  Hence  by  what  has  gone  before,  the  circulation  due  to 
the  actual  vortex  filaments  of  the  core  is 

^=-4irAa8{V-^s+4(V“ifei4)+iW+6A^8}-  •  •  •  (8) 

The  outside  stream  function  is 

ria=  — -gVp2+  A,/R,t  cos  nv 

Hence  the  circulation  of  the  fluid  outside  the  ring  is  [I.,  Eq.  4] 

MS=-’^2(A„'+A1'+A3'+...) . (9) 

Again  taking  the  circulation  round  the  inner  surface  of  the  core,  the  circulation  in 
the  core  additional  to  that  due  to  its  own  rotation  is 

/xi=  — ■ “(A0+Ai+A24-  •  -  .) — 47rAa3(&12+4&14')  ....  (10) 


For  the  sake  of  greater  generality  we  shall  suppose  circulations,  additional  to  that 
due  to  the  core,  as  existing  in  the  outer  irrotationally  moving  fluid,  and  in  the  core 
itself.  In  the  case  where  there  is  none  added  to  the  outside  fluid 

V‘2  =  H'1+P 

whence  to  the  lowest  order  of  small  quantities 

4Aa4 


A0  — -A-oH- 


Z;,2 
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If  there  are  no  added  rotations  A0,  A'0  will  therefore  be  of  order  Td  with  reference  to 
A  a4.  By  always  taking  them  to  be  of  this  order  therefore  the  approximation  will 
still  be  true  when  there  are  added  circulations. 

4.  It  will  be  convenient  here  to  consider  the  equation  giving  the  pressure  at  any 
part  of  the  core,  including  the  case  where  small  vibrations  are  superposed  on  the 
steady  motion.  The  equations  of  motion  are,  d  being  the  density,  and  taking  the 
motion  in  the  plane  of  z,  x, 

1  8p  8u  8u  8u 

-dte=st+uhi+w'& 


1  8p 

d8z 


8w 

8t 


8w  .  8w 
ox  ox 


8u  8vj _ ^  ^ 


Therefore,  integrating  along  a  line  in  the  plane  of  x,  z, 


dx+i  dz)=l(udx+wdz)+u  (S£  dx+fz  dz 


-f-  w  ( ~  dx + y  dz )  +  A x(udz — wdx ) 


or  if  v  denote  the  velocity  at  any  point  and  v  the  velocity  along  the  line  of 
integrations, 

1  8p  8v'  1  8(vz)  .  8\]s 

~dYs=Si~^^~Ss  A  ~8i 

Therefore 

. (n) 

where  <f>  is  the  flow  along  any  line  in  a  plane  through  the  axis  of  z  up  to  the  point  in 
question.  It  is  a  function  depending  in  general  on  the  path  of  integration,  but  <f>  is 
independent  of  this  (is  in  fact  due  to  the  added  irrotational  motion)  and  is  single 
valued  when  xjj  is  so.  When  xp  is  many-valued  (as,  for  instance,  in  the  case  of 
pulsations),  <j> — Axjj  is  single- valued. 

Section  II. — Steady  motion . 

5.  Suppose  the  approximations  are  carried  so  far  as  to  include  terms  in  cos  nv  in 
the  stream  functions  and  equations  to  the  bounding  surfaces.  The  constants  to 
be  determined  will  then  be  V,  the  n—  1  quantities  a,  the  n  quantities  /3,  and  the 
coefficients  A'„,  An,  B„,  3(w-f-l)  in  number — or  in  all  5n-j-3  quantities.  We  may 
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regard  A'0,  A0  as  determined  by  (eq.  9,  10)  when  the  circulations  are  given,  and  B0 
will  be  determined  by  the  fact  that  the  pressure  along  the  free  surface  is  zero,  whilst 
it  is  IT  at  an  infinite  distance.  There  remain  therefore  5n  constants  to  be  determined. 
The  conditions  to  be  satisfied  are  the  following  : — 

( 1 )  A  must  be  constant  along  the  outer  boundary  of  the  core.  This  gives  n  equations, 

viz.,  by  equating  to  zero  the  coefficients  of  cos  v ....  cos  nv  along  the  surface. 

(2)  constant  along  both  the  outer  and  inner  boundaries  of  the  core.  This  gives 
2 n  equations. 

(3)  The  pressure  must  be  the  same  on  both  sides  of  the  outer  boundary.  This 

gives  n  equations. 

(4)  The  pressure  along  the  inner  surface  must  be  constant.  This  gives  also  n 

equations.  Hence  on  the  whole  the  surface  conditions  give  5n  equations, 
sufficient  therefore  to  determine  the  5n  constants.  It  is  therefore  possible 
to  approximate  to  any  order  desired. 


It  has  already  been  noticed  that  A'0,  A0  are  to  be  regarded  as  of  the  order  Zd  with 
respect  to  A  a4.  It  will  be  seen  later  that  when  this  is  the  case  the  B  are  of  zero 
order  with  respect  to  the  same  quantity.  Hence,  if  in  the  approximations  account  is 
taken  of  A2,  the  term  in  which  B  occurs  must  be  carried  as  far  as  Bt  cos  iv.  It  will 
be  necessary  therefore  to  carry  the  latter  terms  to  the  fourth  order,  except  in  the  case 
where  the  added  circulation  is  very  large  compared  with  that  due  to  the  actual  rota¬ 
tional  motion.  This  case  is  therefore  a  much  easier  one  to  discuss  than  the  more 
general  one.  We  proceed  to  apply  the  conditions  given  above  to  determine  xp.2,  x Jjv 
Our  method  of  procedure  will  be  first  to  express  the  functions  in  terms  of  h,  and  the 
cosines  of  multiples  of  v  ;  then  to  substitute  the  value  of  h  along  the  surface,  and 
reduce  the  expressions  to  a  series  of  cosines  of  multiples  of  v,  whose  coefficients  are 
functions  of  Zq  or  Zq  as  the  case  may  be.  The  conditions  above  are  then  applicable 
at  once. 


A  The  function  xp2.  It  has  been  seen  (1 )  that 


\/k  — 


A!  AfJb,  cos  nv 


Now, 


1  \y=ia°~v 


s 


=ia*V 


1  -k? 


C -cj  "  '  I  1+^  —  2 kc 

—  ^a2V(l  +  2Zr+4Z'  cos  v  +  Sln  cos  2v) 


For  later  purposes  the  value  o**  (C — c)  1  must  be  carried  to  the  fourth  order,  and 
then 
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_1 _  -y/ (2k) 

-v/(C  —  c)  ^/(l  + /fc2  —  27ic) 

=  \/(2^)|  1-  +  +  gVc'  +  ( ^  +  P'J)  cos  v+(— +  iVd^  cos  2v 

+|/c3  cos  3-y+H cos  4v|  (12) 

Substituting  the  values  of  II  given  in  [I.,  Eq.  11], 


■A-'qPo+A 1-^1  cos  -v+A'jjEg  cos  2v 

—  — hr- {^L  —  1  +-|-(L+ 1  )I3}  A  0+^  j  { 1  —  f(L — ^)I3}  A^  cos  v 

-j-7r*(l— -p3)A'2  cos  2v 

Putting  in  these  values  and  reducing,  it  will  be  found  that 

Xfc=-iA'ofL-2+i(2L-l)^3+iA'1-02(l  +  2,M 


+  {-iA'0(L-2)+i^-^U 


COS  V 


+ 


-|A'0(L-2)  +  |f +  §-S^}Fcos  2i 


J 


Now,  along  the  outer  surface 


whence 


Jc=k2(lJr (3l  cos  v+fii  cos  2v) 

L  —  Lo-f-^^i' — / 3^  cos  /3.2)  cos  2v 

k2 = lcp  { 1  +  lySf1  +  2/3l  cos  v  Jr(2/3.2-\-^/32)  cos  2v] 


(18) 


(14) 


Suppose  that  when  these  values  are  substituted  xf/2  becomes  p0-\-J)i  cos  v-\-pzcos  2v. 
This  gives  the  value  of  i fj.2  along  the  outer  surface,  and  since  this  is  constant,  pv  p.2 
both  vanish. 

Make  these  substitutions  and  reduce,  then  it  will  be  found  that 


V~2^=' 


El 

a/2" 

p2  _ 

A2: 


iA'0-]  Ls-2+i(2Ls-l)y  j-  +iA,- nj|(l  +  2V) 


-lA(iA'0(L,-3)J»+i^+iA'(J3i+^} 


■iA'0(L2-2)4+i^-^s+|-AA'0=0 

■fA'0(L2-2)V  +  iA'1+^-^V-i(iA2-A)A'o 


)  •  (15) 


r  A'  2  a3V  1 

+  2&  j  — — 3)^3  A--l——^h2\  = 


5  B  2 
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Hence 


A\=4^V+  (P-2 


Ah _  l  A'  j_i  A'  /T  '  2a2V  1  /3t  f  .  ,  ,,  _ _ 1A' 

“*A  o*a+sa o(4--)  +  ^2  +54{a°1V-)+  72  *A°tJ  ’ 

Now  by  (9) 

Hence  to  the  second  order 


A'0+A'1+A'2=-^ 


A '  J  1  _i_ I  T  _ 9 _ 3 1  — _  thh _ 4&~'Vj  3 

Aoi1+(L3  -  77  x/  2  \Z2^2 


or 


Ah 


3*  I  f  /t  o  A\  4«“"\  ]  J  0 

7H+ ^  r75^-2- 


r\/2 


h)  a/2 


Again,  differentiating  (13)  with  respect  to  k 

_A_7.^3—1  a  '  (i  _ 

^2  St'  “^oi1 


+  -iA'0(L-3). 


I -fA'0(2L-5)-^ 


07 

r— 1 

1 

2  a*V 
^2 

A' 
i  Ai 

2«2V] 

2  ¥ 

a/2  J‘ 

2A'2 

6«2V1 

1  ¥ 

\/2  J 

1 


Jcz  cos  2v 


Along  the  surface  this  becomes 


i^=|A'0fl-(L2-W} 


2  a*V 

V2 


r  A'  9  «2\r 


+  I -iA'0(L2-3)-iY_^|ji3Cosl, 


+ 


2Ah  6a2V 

|A'o(2L3-5)- 


+i|{  -iA'0(L3-4)  +  i  f)-^J  JO  «*  2* 


(16) 

(17) 


(18) 


(16) 


>-•  (20) 


Further,  to  the  third  order  of  small  quantities 
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and  along  the  surface 


r  ,  .  ,  /T  .  ,  ,  A',  2a2V"|  7  . 

=  “i  -iAo(Lo-2)  +  |— - j^sinv 


+  terms  of  the  fourth  order. 


Hence  by  (15) 


-7-  sin  v 4-  terms  of  the  fourth  order 

^/2  ov 


■  (21) 


7.  The  function  \ jj±. — The  part  depending  on  A p4  and  B  must  be  carried  to  the 
fourth  order.  The  part  depending  on  the  A;t  is  similar  to  the  expression  already 
deduced  for  xjj2,  without  the  terms  in  V. 

=-g-Aa4{l  + 12&2+42Z4+  8&(l  +  6&'2)  cos  r>-)-20/c2(l  +  H2)  cos  2v 

+  40&3  cos  3'r  +  70&4  cos  4vj  . . (22) 

1  +^+ ***} 

=  ~ 4~ B0{1  +  -j-  3^-^  +  Zj(  1  +  fZ.’3)  COS  V 

+^F(3  +  2Z;3)  cos  2v+fZ;3  cos  3y+ff^4  cos  4r} 


cos  v=ffh4l 008  * 


•Bi^{^+  8^3+(l  +  i^3)  cos  v-\-\h{l +  f&3)  cos  2v 
+  f J&  cos  cos  iv] 


1  ^)n rlf* 

B2To  cos  2v=—:>,n  -(1-|P)  cos  2v 


vAc— c) 


32v/(C~6')' 

1  ~BA3 { fZf + 37,'  cos  v-f  cos  2r+  p  cos  3r+|Z;2  cos  4r] 


— rB3T3  cos  3r— — — -B3  cos  3  y 

v/(C-c)  3  3  64^(0 -c)  J 


°0^r^Bf3(lk  cos  2-y+  cos  cos  4-r) 


B/I\  cos  4r=7fv/2°^  -Z;4  cos  4i» 


x/(C-C) 
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Hence  (so  far  as  it  depends  on  B)  = 

77V  2 


A 

iB0(l  +W+ ***)  + iW2(l  +W)  +&&&+  +  12F  +  42H) 


7T  72 

48  Aed\  7  „ 


+  (i(B0+|B1  +  ^)+l(iB0+|B1+iiB;+^|jFpcoSt, 

+  {-ftfB0+B1+fB3+i^')+*-('2B»+VB1+i8iBs+^f)^}^cos2l.  [  (23) 


07 r  72/  \ 

ICOAa4 


+ Y2  ( 5  B0 + fTq  -f  ^B^ -f- -7B3 


7T-72 


d3  cos  3  y 


■t'TY¥(525'-^u'i~15B1+-2-B;J+35B3d--— ^64,-4-35  X  32. W* cos  4y 


The  next  step  is  to  substitute  in  this  the  value  of  h  along  the  two  surfaces,  which 
will  give  the  value  of  xjjJ  y/2  along  these  surfaces.  Suppose  for  the  outer  surface  it 
becomes 

Po+Pi  cos  v-\-po  cos  2y-by>3  cos  3'y+yq  cos  4-y 


The  substitution  Jc=Jc.2(l  Jr/31  cos  v-\-/3.2  cos  2y+  .  .  .  )  being  made  it  will  be  found 
that 

+pAY(Bo+B1+|B3+^)+7i¥(B0+lB1+^f 


and  the  complete  coefficient  of  cos  v  is  found  by  adding  the  terms  in  A,<}  viz.,  (15) 

—  ^A0(Lo— 2)do+-|-^+dAu/31 

This  complete  coefficient  must  vanish.  Hence  remembering  that  A0  is  of  the  second 
order  with  reference  to  At/d,  it  follows  that 


Bo+fBp^e, 


(24) 


where  ex  is  of  the  second  order  of  small  quantities,  and  can  therefore  be  put  equal  to 
zero  when  multiplied  by  quantities  of  the  third  or  higher  orders. 

Again,  it  will  be  found  that 
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a=  *(b»+b1+*b,+ 43+a(2B0+^b1+¥B3+ 

+i(B0+fBI+^)ft*i+AW(B0+B1+|Bs+^) 
+ AA  V  (fB0+f  b1+j-/b2+ vbs+6^|) 

72Art4\ 


12  Art4' 


+|/3i^3^B0+fB1+f|-B:2+^-^-J+i(2^;2+i/512)^3^B0+fB1-|-  /o 
+iAi2(B0+|B1+4^) 

and  the  complete  coefficient  of  cos  2v  is  found  as  before  by  adding 

Az)  —  fA0(Lo— 2)&v  +  ^Ai  +  ~  —  5/8i|  A0(L3—  3)/c2-f  qJ  j 

Bemembering  the  remark  as  to  the  order  of  A0,  &c.,  it  follows  that 


Bo+Er+fB,, 


40A«4 

37 r^/2 


=  e0 


where  ez  is  of  the  second  order  of  small  quantities. 

The  coefficients  of  cos  Sv,  cos  4v  are  easily  found,  viz. : — 

i%=*{lB„+fB1H-J-/B2+VB3+8^|‘}A3=0 

jh—  Hs  j  % B0+  3B, + f B.  -f  7 B3+ -4-B4  +  j k%  +  f — 0 


These  equations  give,  to  find  the  values  of  B  to  the  lovjesi  order. 


9  94  A  r/i 

P0+3B1+|B3+7B3+^B4+^-  =  0 


,90  An4 

IBo+^+^+W  +  ^  =0 


B0+Bi+|B2 


40  Art4  „ 

+  o  7o:=0 

07 T\/  l 

+  =° 

7Tv/  2 


(25) 
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These  give  the  following’  values 


\rA 

p  _  _2_p  2  608  ■a-ct' 

-d4 —  6  3-°0  3  1.5  V^/2 

A  /yl 

p  _  2  _p  2.3.2_ 

^3-  3-5^0-  3  5  Vx/2 


P  —  — --R  —  -fi-4 
^2 —  15D0  15  • 


A«4 

77^/2 
Ar/4 

p  2  p  8. 

13 1~  3  130  3  Vn/2 


>• 


(26) 


These  values  of  the  B  greatly  simplify  the  coefficients  of  cos  v  and  cos  2v. 
In  that  of  cos  v  occurs  the  expression 

JL 

24A« 


IBo+IB.  +  pfBo- 


rv/2 


By  means  of  the  above  equations  it  follows  at  once  that  its  value  is  18A a‘i/(Trs/2). 
The  coefficient  of  (cos  r,)/v/2  now  becomes 

-  2)12+||i +|a  a + p  A + ^  V + ^*A*V 


So  also  the  expression 


4B0+^B1+¥B3 


2^2 

320AP 

7Ta/2 


occurring  in  the  coefficient  of  cos  2v  is  found  to  be  248A<x4/(7tv/2),  and  the  coefficient 
becomes 

~P,l(iA3-A)-fA0(n-2)y+iA1+X_i/31jA0(L3-3)fc  +  Al} 


+~  V+  8  AVi+¥^|‘  AV  +  (A+  JAW  pf- 


Now  these  coefficients  vanish  both  at  the  outer  and  inner  surfaces — their  values 
for  the  inner  will  be  found  by  writing  k{  for  k.2,  /3,  =  0  and  a2  for  fi2.  They  are 
written  down  later  in  equations  B. 

The  pressure  conditions  require  a  knowledge  of  k^xjj/Sk.  So  far  as  it  depends  on 
the  B  it  is  given  by  (differentiating  23) 

1  _  ]Hi 

7T  \/  2  Sk 

=i(is,+ia)B0+-A-(2^+^)B1+||Bia+A^(3i*+2U<) 

7T  V  Z 

+  1 +4U=)  +  iB1«l  +p3) +MBAs+^~  (1  +  1 81s) }  cos  v 

+  {jB0F(3  +  4t3)  +  fB1l3(l  +  P)  +  i|Billi+JtB3l*+  ^~(A+8l*)}cos  2« 
the  coefficient  of  cos  3?’,  cos  4v  vanishing  by  what  has  gone  before. 
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Substituting  for  k,  and  putting  in  the  terms  involving  Au  from  (20),  the  value 
along  the  outer  surface  is 


1  i.Hi 

y/2  Bk 


=4A0{l-(L2-l)v]  +ift  {  -P0(L3-4)fc+4|'|  +  j 

+feA*»+^‘(2^+W+W+W3 


exJcA 


+ 


+ 


COS  V 


{-4A„(L1!-3)Ji-4^+j«A+^(W+4Ms) 

"-|A0(2Li-5)V-^+4A|-4A0(L3-4)+i|Lji3 

+(ft+iA2)y^+|W2+f^+^|(3iV+¥^A8) 

The  lowest  term  in  —SxJjJSv  is 

y2{-lA0(L-2)i+4|+^+f^|1F}Sm« 

Along  the  outer  surface  this  is 

/2  {  -iA0(La-2)i2+4|+^A+ 

By  Eq.  (A.  2)  below  this  is 


cos  2v 


sm  v 

+  terms  of  the  fourth  order. 


—  sA^o+^fVjsin  v 


(27) 


(28) 


and  is  therefore  of  the  third  order. 

8.  Pressure  conditions. — Along  the  inner  surface  the  pressure  is  zero,  and  since  it 
is  a  stream  line  the  velocity  must  be  constant.  Denote  it  by  U,  then 


(C 


dud 
dn  ) 


- 

Now  along  this  surface  aL  =  0,  and  therefore  SxjjjSv  is  of  the  fourth  order,  whilst 
JcSxfjJBk  is  of  the  second.  Hence  it  may  be  neglected,  and 

ott  (C-AS.H'i 
a-U=  -  -g-^ 

5  C 
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therefore 

—  2az\Jk=  (1  +  5&2—  4 k  cos  v-\-2 k2  cos  2v)k~ ^ 

o/c 


or  along  the  surface 

—  2a2UXq(l  -fa.,  cos  2v)=(l  +5^  —  4^  cos  v-{ -2k1z  cos  2v)k'~. 

Ohj 

Suppose  for  the  moment 

7 

k-jj-  =  q0  -f -q1  cos  v-\-qz  cos  2v 


then 


therefore 


q0(  1  -f  5/q2)  —  2  q1kl  =  —  2a2U0&1 
?i— 4#i=0 

q3—  2<Zi^i *f -(lJn=  ~  2a2U0&1a3. 


^(1  —  3  Zq2)  =  —  2  a2  U0Zq 
?i-4&i?0=0 
Qq  «22q=  ^  ^ 


These  give  the  equations  (C)  below. 

Before  proceeding  to  introduce  the  last  condition  of  equality  of  pressure  on  both 
sides  of  the  outer  boundary  of  the  core,  it  will  be  convenient  to  collect  here  and 
partly  discuss  the  equations  already  obtained.  They  are 


A  (no  cos  v  in  i/q) 


iA0(L1-2)^1+^+^A+f^^13=0 


2)^2+i  t!~^4  ^2"^  7/9  ^2°+ 2A(^oH — "TV^h2)  —  0 


/2 


v/2 


1 


J 


(1) 

(2) 


B  (no  cos  2v) 


't^o(Li— 2)^12+4.A1  +  ^-|  +  1R  e3Zq2+^— Zq4+^a3(A0-f  /Q  Zq2)  —  0 


16 


v^‘ 


-f  A0(Li-2)^+iA1  +  ^|+|  eA" + V+ift(A  o+^f 

-4A  {i  a(a»- ff  v)+iAo(L2- 3)fe+i  f  - f  «A-¥  } = o 


(1) 

(2) 
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C  (constant  pressure  inside) 


i  A„  { 1  —  (Lt  —  1  )*> }  + 1 « AH  S^X»+¥  %h*=~  ^  (1  +  3^) 


*1 

-fA„(2L1+3)i1s-  2^-1«3(a0-^  v)+f  e*V+ 19  ^  *i‘=  0 


\/2 
4Aa4 


(1) 
(2) 
(3) 


Values  of  A0,  AY — Subtract  C  (2)  from  A  (1)  and  divide  by  JcL 


therefore 


Now  (10) 


-A  4-  — —  “Z-’3— 0 
2  0  +  /n3  y/%1 

A,  =  -|AAH^| V  ■ 


A0+A1+A2=-f^-4^|ViH«1‘) 


Therefore  to  the  fourth  order 

(1— -p^v 


vrv/2 


47  Aa4  7  9/  h7  7.  9A 

■7rx/2“v/2^l(4  +  1^l) 


or 


A0= 


■^(i+WI-^-W+W) 


4A«4 


or  to  the  lowest  orders  respectively 


A  _  47  4A«  y  g 

A°“~7rv/2_  72  ^ 


1 


Ar 


,3  _47_  x.  2  ,  TAa4  7  4 

2  7x72^  .  +  ^2  J 


(29) 


(29a) 


Fa/we  of  f3v — In  equations  A  divide  (l)  by  kl}  (2)  by  Jc2,  and  subtract 

iAo(L2— Lx)  +^Aj  ^  f  (a0+^V)=0 


v/2 


v/2 


Therefore 


r  b  /  z. 

1 1 72  i  3  / 1  m 


,A«4  /7  0  7.  0\/«  *i2\ 
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or  substituting  for  A, 


"i+i1  -©} 


+  T 


yU,  a 


9 

v/2\  K 


whence 

£ 2 

£.=  _P15ESh  Jlo„ W,  _Ai\l  /_  /9_M\ 

*2  Ah+Z  l  g  V2  \  V/J  Vi+AV  V/‘ 

Case  (1)  when  there  is  no  added  circulation 

— 18 

7.  7. 2  7. 2  &  7,  1  4  7, 2  4 

A/g  /I'O  ““A'j  /tj  /to 

Case  (2)  when  the  added  circulation  is  very  large 


(30) 


h - {kg^+i(l”V 


Value  of  ex. — Substituting  for  Ax  in  equation  A  (1) 

-4A0(L1-ij+je1+5^*1i>=0 

7 r  1  (  fiyd  Tcf  fa  \  T  ,  ixxa  (  Ay  fa 

4  -  -  o  f~/2  j  Ll  +  4tV2  +  A,2-/,!2  7^/2 

=  ^  )  l0g  ^  }  •  •  •  (31) 
Value  of  Uv — Substituting  in  C  (1),  the  surface  velocity  is  given  by 

-fffo +3*i»)=4A0(  !  +W)+-f  i-,2+¥~j  V 


V=  -  J7{iA«(1  -  W) +2f  V+¥  ^  O} 


_  ^’1  1  f  J'tfL/'i 7.  2\_i  4;Aa.4  ,  2/ 1  i13  7,  2\ 4A«>  j  2 Aq4  ,  41 

-2aW2\TrAl  kl  ^2  A'x  ^1+  4  ^  '  ^2  ^  13  ,/2  ^  J 


7*i 

Airctk- 


(1  -V) 


•  (32) 


This  is  the  velocity  along  the  surface  of  the  core,  not  just  outside  it. 
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Equations  B  (1)  (2)  and  C  (3)  become  when  the  values  already  obtained  are 
substituted 


” fA0(Ll  —  +  +16  +  V+2a2^0  +  :^T  =  0 

-|A0(l3-i)V+!a„(V-V) + £+£  %¥+«72 


+lft(A„+^f  v)+i|{iA0(V+  3  V) + ;|W-  V) 


-f  A„(2L,  +  3)^ - 19 ^  V-K(a„-~  V  1  =  0 


•i/8A(3A0+^»n=0 


(33) 


Subtracting  one-half  the  third  from  the  first 


iI  A0&i3 +A3  ^  2 3^  — 1^2 A4_bia2^8A°+  — 0 

Eliminating  e2  from  the  first  and  second 

_ s  a  It  t  [I  l'i  1  |  a  /  1  -1  \  -  SAa4,,  2  2\  |  i^fll 

_lj37  A  .  4Aa4 .  o\  i  _/32  /  ,  ,  4A a4 
+  s^3  ^o+  ^2  «i  J  2/^2  1^0+ 


_l&/l 

2hl2 


A„(l/+3lf)+™(9V-V)-iAl2(3A0+~VH  =  0 


(33a) 


In  order  to  determine  V,  the  velocity  of  translation,  and  the  quantities  a3,  /3.2,  e2,  A3, 
it  will  be  necessary  to  consider  the  remaining  condition,  viz.,  of  equality  of  pressure 
on  both  sides  of  the  outer  boundary  of  the  core.  We  take  the  general  case  where 
the  densities  of  the  fluid  in  the  outside  and  inside  are  different.  In  this  case,  even 
when  there  is  no  additional  circulation  in  the  outer  fluid,  the  velocities  on  the  two 
sides  of  the  surface  will  be  different.  Let  dashed  letters  refer  to  the  outer  fluid;  also 
let  p  denote  pressure,  d  density,  and  let  II  =  pressure  at  an  infinite  distance.  Then 


therefore 


const  (vel)2 
P=n-^,.U/3. 


If  Uo  denote  the  velocity  along  the  surface  inside  the  core 

p=  const  —  -|<LU22-j-  Ac/.i/q 
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also 

0=  const  —  ^U12+Ac?.i//1 

f  n PPPiOl’P 

p = Ad^—xp^—^d.  U32 
=n— icHJ's2 

along  the  boundary.  Suppose  for  the  moment  that 

U32=Z+m  cos  r+w  cos  2v 
U3/2=//+w/  cos  v+n'  cos  2v 

Then  the  equations  of  condition  are 


Now 


Further 


IT — \d'l' = A  d(xfj2 — V'i) —  2 
d'm—dnn 
d'n  —dn 

u2^{WV»2 


(C — c)4 


«4S2 


4),+g),l 


(C-c)8  (t  +  7c2- 

s  ~~ 


1  +  5/c2  —  4&  cos  v  +  2/c2  cos  2r 


2£(1  -F) 

and  along  the  surface  this  becomes 


2k 


— {1  +  5V+^A3— ^2  cos  v+(i/3i3— A+243)  cos  2y} 


Also  substituting  in  (20)  the  values  of  A']5  A'3  determined  from  (15) 

^2  h  |?= iA'oCi  -  (i*-  i)¥i  V+iA'A&-iA) 

+  {  -iA'0(2U~5)-4^r+|A'0|}4  cos  „ 


+  \  -A'0(L:-V)-  l57+A»W  -f  (iA'»2L3-5  + 


4a2V 


^2  M  ^3cos2y 


Hence 


a2  S  \  a~k2S/2 


6a2V 


gAo{l  +  (3L3  4)^32}+  ^  ^23  2-^-oA^2 


+  -A'0(L3-4)^. 


4«2V 

'  y/2 


h+h^'oPi  r cos  v 


+  -|A'0(4A3+ A)+^'0(2L3  - 


2  «2V 


-^(A'oLa-H-^jj  cos  2v 


(34) 
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(C  — e)2  byfr _  1  1 

001 


which  in  the  square  gives 


a2S  bv  2^/2  'k'fP 

1 


1 6«tL2 


A'o2/^2  ( 1  —  cos  2r) 


For  the  first  approximation  we  shall  keep  as  far  as  cos  v.  In  this  case 


(C -cf  hty _ 1 


iA'0-  A'0(I*-*M 


4«2V 


a/2 


1  A  '  §1  1 

*A°VJ 


a2S  '  bk  2 

and  in  the  square 

jrA'0=-A'„|A'0(L3-i)+4^-iA'0|}i3 


k.2  cos  v 


2  a% 

or,  to  lowest  orders 


cos  v 


T—  1  A'  2 

8  a%*  0 

1 


1,1  2 a%  | A  ^  y/2  A  0  \  \  A  0 

So,  to  the  first  three  orders  of  k,  we  get  from  (27) 


1 

\/2 


fe  ^  =  iA»+^  *»*+  {  -iA0(L2-3)-^+^ ea+^  (W+4 /}&) }  fc 


9  cos  V 


Substituting  for  ex  and  A]  from  (A. 2)  and  (29) 

j_  J 1 A  / 1  _j_  a 

K)  1  V 


+  {  W 1  ■ +3  *£)+—  (9-|i)  y-i  W ) !- h cos  * 


v/2 


whence 

(C— c)8:,  Hi _ 1 _ 

a2S  3  b/j  a~kc,\/2 


i(Ao+^H 


+  {-|Ao(l-y)+^'2(1-^4)^ 


1  ^  ^  An  — 4  ™  Xv2 )  !•  A  cos  V 


and  the  square  is 
1 


2  a%* 


^An+^L3 


4  -^0 


a/2 


4A«4 


+ (a«+ yI‘  y)  { -  4«(i  -19+^(i- v)  v-*  f  (A«-^  k> » f  * cos  e 
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Hence,  applying  the  conditions  (34) 


rV  rl  /  4.  A  ni 

n  -  AV=idU/+  M<fe-«-«3nK+  -  *»* 


1 


v'a 


f  A  '  /T  A'  & 

2a^lAo(L3  ^+v/2  2  0 


IK 


=  ss/  A«+K  V)  f -W 1  i  IK 


v/- 


v/2\  ^ 


4Aa4 , 

'  \/2  k> 


Now  (29a)  to  the  lowest  order 


and 


A  ,  4A«4  7, 

A°+  ^2 


r\/2  '  v/2 


=  ~(Mi+m') 


7T 


■v/2 


A'o=-^2  ^  (18) 

U‘=4^  fr°m<32) 

i/f2 — .//,  —  A''.4(7;2s — /,y:)  —  ~~A0( L3 — L,)  from  (15,  23) 

=  -S-^2A»(E-LI) 


Substituting,  the  above  equations  become 


327T2«V'9 
fic,ad' 


O  2 


ft 


The  latter  is 


— /r2a(L2 —  ^)4-  4a  W + |/x2a  1 

=  -  W2A,  (l-^-HrA*  (l-{£)  V 


A/  A  4Aftt  7  0 

2  k2  VA°  v/2  - 


=  -(ft+^  V 


Mr 


W_rW-R  i  V+.¥./ 


Av-^V 


M 


^a\1  +  V/+2  42  V  1  V~*l 


1  M 
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therefore 


4:Trcid'  p2V  =  —  2P'23^/  (^y1  —  2L2-f- 1 


1 


kd -\-kx  , 


— i(pi~  friZjji  ^ F  •  0*1 +/) 


,X  ft 


Aj,  J 


This  gives  V,  the  velocity  of  translation. 
The  first  equation  is 


1 


IT  Z9.m&n%h  2  ^  /X22^  (/Al  +  /A  )'^>  +  90  o  27.  2  & 


32t r2(W 


32t r3a27q2 


1 


or 


1  fjL^dr 


^llW3  I  ^  i-2_Z.  ft1  /(^2  -^l) 


^7  W, 


3 27r3a3n  =  {/q>2d'  —  0^ + /)2^}  yyr +  yTV + 2 1  ^  ~  2  ( /H  ~  hTZ7T2  /  )(L3— Lx)  j-  — ' 


7„  2 _ 7„  2  r*  }\ 

/c2  Kl  / 


V 


fd 


k*-k* 


(3G) 


V-V 


li'd 


K~K 


,  2 


Another  equation  between  a,  &i5  &2  is  found  from  the  fact  that  the  volume  of  the 
core  is  constant,  i.e.,  (7) 

87 f3a3(A:22 — &12)  =  volume  =msay 

therefore 


HhII 


“ = Wd’  -  O, +/)¥}(  1  -  gj  ■ -y^+ 2  ^ 


h  2 

1  — — H 

Z-  2 

lt() 


Write 


7, 2 

A/o 

*iW=® 


(  \ 

7,  2 


_ o 


/h 


h  2  H- 

i-h  / 


(Ln  — L,) 


r  P 


U 


Then 


4777.IT 


W* - ( 1  ~ *)  +7hM~  1 )  +  V<» IF-Gi-  f“)  log®[  (37) 


To  find  a2,  /I2,  A2,  e2,  we  must  take  account  of  one  order  higher  and  the  terms  in 
cos  2v.  This  gives  another  equation,  which,  with  the  previous  ones  (33a),  will  be 
sufficient  to  determine  them.  As  we  do  not  require  them  for  our  present  purposes 
we  shall  postpone  their  consideration  to  another  occasion. 

It  remains  to  discuss  the  results  already  obtained,  viz. ,  the  three  expressions,  which 
give  /3X,  V,  and  the  relation  between  a  and  the  Jc’s  (or  It  and  rx,  r2). 

The  formulae  are,  writing  x  for  kx/k^ 


(pi+tO  f  — 

/dq 


iMi  {log  ~+3(l  -*)  J  —ifi'  jt-fx-Pj-log : 


a 


(30) 


5  D 


MDCCCLXXXV. 
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47 TajXcfV'V  —  ^ix.^d'  — ~  +  2Ln  —  1 

■£(/*!+ tfd  { 3 (^ll  —  32 — +  x)  —  i/(l  +  x)  —  (Vl  —  +  )| 


•  (36) 


^  =  I  ^  +/)*<*  }  ( 1  -x) + tfd(±  - 1 

+  2//j//+(/x1  —  Y^y)losl  ~\d . (37) 


Discussion  of  results. 

9.  (/3X).  The  expression  for  /3 ]  gives  the  relative  position  of  the  internal  hollow  to 
the  outer  boundary  of  the  core.  The  centre  of  the  cross-section  of  the  outer  boundary 
is  outside  that  of  the  inner  at  a  distance  (by  5) 

=  2a(y-V+A^)=2aV(l-*+f1) 

This  is,  as  we  shall  see,  in  general  negative.  Hence  the  centre  of  the  inner  lies 
outside  that  of  the  outer,  at  a  distance  whose  ratio  (y)  to  the  radius  (2 ak2)  of  the 
outer  is 

y= ~x+h> 

Substituting  for  /3x/&3 

9  _  7 

2  Qt*' 

=**M1 _a:+  log  log  *) } 

=^i+/*Y  (say) . (38) 


1+3(1—  x)  1 


where  yx,  y'  are  the  values  of  y  when  yl  is  very  large,  and  zero  respectively.  If 
therefore  we  know  the  points  at  which  the  centres  lie  when  the  added  circulation  is 
very  large,  and  when  it  is  zero,  the  actual  position  is  the  centre  of  gravity  of  t^vo 
masses  proportional  to  the  circulations,  placed  at  the  corresponding  centres.  It  is 
only  necessary  therefore  to  discuss  the  values  of  yx,  y  separately. 

When  there  is  no  added  circulation 


,  1  /5  —  ox  x  ,  1\7 


When  there  is  no  hollow,  x=0,  y'  =-§&3.  This  is  the  point  at  which,  if  the  pressure 
be  diminished,  or  the  ring1  be  increased  large  enough,  the  hollow  will  begin  to  form. 

’  o  o  o  7  o 
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Again,  when  k.2  is  uniform, 

dy' 

dx 


1! 

(1-*) 


2  log 


1 

X 


which  is  always  negative,  or  y'  continually  decreases  as  x  increases  ;  while  when  x=  1, 
y'=  0,  so  that  y  is  always  positive. 

Hence,  keeping  the  outside  boundary  the  same,  if  the  mass  of  the  core  be  gradually 
diminished  (or  the  hollow  increased)  the  centre  of  the  hollow  moves  in,  from  a  point 
(f&2)th  of  the  radius,  towards  the  centre  of  the  outer  boundary,  coinciding  with  this 
last  in  the  limit. 

When  the  added  circulation  is  very  large 


y  1=4  !— log 


This  is  always  positive.  When  x=l,  or  there  is  no  rotational  motion,  ^  =  0,  as 
x  decreases,  y  increases,  and  the  hollow  moves  outwards  to  the  boundary.  From 
the  formula  itself  we  should  gather  that  when  the  radius  of  the  hollow  is  decreased 
to  a  certain  small  amount,  it  will  be  in  contact  with  the  outer  boundary,  and  if  this 
were  possible  the  hollow  would  slip  out  of  the  inside  of  the  core  into  the  fluid,  and 
there  would  be  two  rings  formed,  one  with  a  hollow  only  and  circulation  round  it,  and 
another  with  rotational  core  and  no  added  circulation.  But  this  cannot  be  asserted 
until  we  have  learnt  the  connexion  between  k2  and  a,  from  equation  (37),  for  in  the 
actual  case  it  will  be  impossible  to  reduce  k1  below  a  certain  limit  to  be  determined. 
It  is  easy  to  see  that  y1  >  y'. 

An  idea  of  the  magnitudes  of  the  quantities  involved  can  best  be  obtained  from 
a  numerical  example.  Take  for  instance  the  case  of  a  ring  10  cm.  radius,  and 
radius  of  cross-section  1  cm.  Then  k2=-^y.  Take  the  three  cases  where  the  radii 
of  the  cross-section  of  the  hollow  are  respectively  f ,  we  find 


x=TS  y  —  '055  yx—- 093 

x=i  y  —  '041  y1=-053 

x=h  y- 023  V\—  '026 


The  limit  when  yx=  1  is  found  from 


1 


or  writing 

O 


i.e. 


a  sufficiently  small  quantity. 


log  -=39+a: 


x—e  39  £ 

£==e-39=10-16X‘115 
a;=  10“1G  X  ‘1 15 
5  d  2 
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10.  Relation  between  a,  k1}  k.2. — When  there  is  no  hollow  the  volume  of  the  core 
remains  constant.  In  other  words,  o?kd2  is  constant.  When  a  hollow  exists  the  relation 
is  found  from  the  equation 

{H2d' ~ (Pi+pT^H1- x)  +  —  +  2/r'  +  —  1_7ic/A^  log  "  jd  (37) 

combined  with  that  of  constant  volume,  viz.  : 


7n=  87r3a3(/%2 — k*) 

The  first  gives  the  ratio  kjk2,  the  second  then  gives  kl  or  k2  in  terms  of  a,  and  a 
is  determined  by  the  energy  of  the  motion,  which  is  considered  below. 

In  the  case  where  there  is  no  core, 


and 


or 


—  fx  — 0,  7i t — 0,  k.-)  —  /c^ 
li\d! 


n= 


327 r2ct2k2c 


2  2t r  V  2n 


(39) 


or,  the  sectional  radius  of  the  hollow  remains  constant.  This  agrees  with  the  result 
in  [I.  §  9]. 

It  is  clear  that  when  there  is  an  added  circulation  this  radius  cannot  become  very 
small.  For  we  may  write  the  equation 


4???n 


M  {5+ v  log  1}  =qy  -  [^d'-^+rfdw -x)+tfd 


w+2^iog  ty 


Now  as  x  decreases  from  1  to  0,  the  right  hand  side  continually  decreases.  Hence 
the  greatest  value  is  when  x=  1 
Therefore 

d( &. 


Mlq°+2/iogi)<4q3+Mq 


a 

4mII 


>- 


a 


■  +  { (p  i + p')~  fi-py'  —  2/W }  d 


Hence 


/q2<i  +  2/qju/xc£  log  - 


x  > 


Pi 


~d- 


4mII 


> 


*d 


Pi  2d- 


4mH 


This,  therefore,  is  an  inferior  limit  to 


x. 
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Now  we  saw  above  that  yx=^i  1—  cc-flog  Up 


In  the  case  where  x  is  very  small,  the  value  of  y  depending  on  the  added 
circulation  is 

Pi  +  P  +  fi)  °&  :c 


and  ,x> 


P\d 


/xpd  +  4mII 
a 


therefore 


wi  <.  **»  bg/i+ngy 

Pi  +  p'  Kpi  +  p)  &  \  '  fJr^daj 


When  fx^da  is  large  compared  with  Amli 

y<  -tt*. 

Hence,  the  centre  of  the  hollow  never  approaches  near  the  outer  boundary. 

Two  or  three  cases  further  may  be  usefully  considered.  When  there  are  no  added 
circulations,  ^  =  0,  /r2=/x',  and 


~  =/**{ (1  -x)d’ +(l+x)d--ldx  log  ! 


•  ■  (40) 


This  gives  the  condition  when  a  continuous  core  begins  to  develop  a  hollow.  In 
this  case  £c=0,  and 

4?/iII  o/7  |  y\ 


or 


4mII 


a  = 


p\d+d')  ’ 


•  (41) 


Now  ct  depends  on  the  energy  and  increases  with  it.  Hence  as  the  energy  increases 
a  point  is  at  last  reached  at  which  a  continuous  ring  begins  to  develop  a  hollow.  The 
sectional  radius  rx  is  then  given  by 

8  tt2I1  rp = y\(d  +d') 

If  ax  be  the  value  of  a  when  a  hollow  is  just  formed,  then  in  general 


2 xd 


\d+d')  =  (\-x)d'  +  (1  +x)d-f-  log  1  /x: 

7  ’  X  ““  Jj 


or  if  d'/d~p 


J(l+p)=(l-a:)p  +  l+ai— —  log  1/a 


•  •  (42) 
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So  also  if  r0  be  the  radius  of  the  hollow  when  a=  co  and  r  for  any  other  value  of  x 


0  Q  ,  ,N0  ,  „  /Ol-x  +  xlogx  ,  „  ,  log  1/x  /4oN 

—^\p=n\p— (hi+p) +  ~ +2/x  I-*  •  '  (43) 


Where  also  87r2IIr20=/x,22c^/. 

Hence  r20(l  +  p)  =  r12p,  or  when  the  hollow  first  forms  the  sectional  radius  is 


!  +  p\  : 


its  ultimate  value. 


It  will  be  important  to  know  how  the  section  of  the  core  alters  as  the  aperture 
increases.  If  r  be  the  radius  of  the  section,  r=2akz.  Also  m=87r2a-3(&22— &2X) 
=  2n~arz(l—x). 

Hence 

da  ,  dr  dx 

— +2 - - - =  0. 

a  r  I — x 

Differentiating  (37)  and  substituting  for  dx/(  1—x)  it  will  be  found  that 


=  —  2 


2(l  — «)3  ,l-x  ,3  ,/1  +  Jr  ,  \,  11  da 

tf-jr-+2w  ^ ^  '+2i*  (w?  -1*1)  loS~j- 

{tfp-ki+nV 


Here  the  left  hand  factor  is  always  positive,  and  the  right  hand  factor  is  clearly 
positive  when  x  is  small  whatever  the  relations  between  the  circulations  and  densities. 
Hence  the  section  always  decreases  as  the  aperture  increases,  when  thcrinterior  hollow  is 
small  compared  with  the  outside. 

When  x  is  nearly  =  1  =  1  — z  say,  the  equation  becomes 


V3)~ =  +i/V  * 


Hence,  when  2  is  small,  so  also  is  dr/da,  and  it  vanishes  with  2.  In  other  words, 
when  the  hollow  is  large  compared  with  the  outer  boundary,  the  section  of  the  ring 
decreases  very  slowly  as  the  aperture  increases.  When  there  is  no  core  at  all  we  have 
seen  that  it  remains  absolutely  constant.  In  all  cases  where  them  is  a  hollow  the 
section  decreases  more  slowly  than  if  the  core  were  continuous. 

It  remains  to  see  how  the  radius  of  the  hollow  itself  changes  with  increasing- 
aperture.  Here  r2=xr'2.  Hence 
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2*1=if  rfr 
r  x  r 


1—xfda  2  clr\  2  dr 

TV  +  V 


x  \  a  r 


da  .  dr 


it  r 


Substituting  for  d> 


r  r 


dr,  ]  {PiP  ~  Oi  +  /02}  (!  -x)s-2/i1/i,(  1  -«)  +  VH  +x)  +  2/Y^  -  j^^log  * 
2-7-=-  p  — 


x  da. 
a 


Where  D  is  the  coefficient  of  —2  dr  Jr  in  the  equation  found  above. 

The  maximum  radius  of  the  hollow  will  be  when  x  has  the  value  given  by 


{ P'ip — (/H 2/x1/x'(  1  —  x)  +  2f'2 (l -\-x)  + 2 //U1-]  '  J  log  -  =  0 


2x 


This  is  satisfied  by  x—1. 

It  is  easy  to  show  that  the  expression,  on  the  left  increases  as  x  decreases,  and 
therefore  that  dr /da  is  always  positive.  Hence 

The  radius  of  the  hollow  continually  increases,  as  the  aperture  groivs,  up  to 
coincidence  ivith  the  outer  boundary. 

11.  Velocity  of  translation.  The  velocity  is  given  by  the  formula  in  (36).  If  the 
value  of  fijk.2  be  substituted  in  the  second  term  it  becomes 


1  fff-TV/f-filf1  log  1 

....  (44) 


Case  I.  Where  there  is  no  core  cl—  0,  ixx  =  f  =  0,  ce=l,  ^  =  0. 


V= 


th 

87 TO, 


(2L— 1) 


(45) 


which  agrees  with  the  result  obtained  in  [I.  2 1 J, 

9 

Case  II.  Continuous  core.  —  0,^  =  0,  x=0,  /V— “’7 


4  V = W<t  (2L + 4)  -  b”d 


(46) 
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In  the  simplest  case  where  there  is  no  added  circulation  at  all  /a2=/x'. 


/a  / .  5  Id 


V=8^  2L+4-iS-' 


—  ^  when  d=d'. 


In  general,  when  x  is  small,  the  most  important  term  is  that  involving  log  -  . 
It  is  given  by 


L  fh  +  A6 


1  r 


jl  !  +  -f—,  lid  E+  ( 1 


L 


4 


jd _ i_\ 

fl^+ fJb'  1 — xj  *  ‘  \  yU-j+ft7  1 - X) 


When  there  is  no  added  circulation  at  all,  and  d=d' 


v=8^jE+E-Wh#(L-L2) 


(1-af 


.  .  .  (48) 


As  an  example  of  the  use  of  the  formulae  let  us  find  the  alteration  in  V,  in  this 
simplest  case,  when  the  radius  of  the  ring  is  doubled,  supposing  originally  that  the 
radius  of  the  ring  =10  cm.,  outside  radius  =1  cm.,  and  inside  cm. 

Since  the  volume  is  unaltered,  if  k.2,  ky  be  the  new  values  of  Jcz,  kx 


also  since 


or 


where 

therefore 


Q/V2  __  ^  2\_7.  2  7,  2  —  _ 1 _ —  __3 _ 

°\K  3  K\  )  —  ^3  /tl  —  400  1600  —  160  0 

4mII  „  -  /  X  ,  1\  , 

XT  =  \l~Y^x log xr 


1—2  log"j=l('i— 2— V — ]0D.  h 

K-  2  _  „  2  2 1  7,  2  h  2  »  h 

A-O  TV  y  y  A  2  /tj,  /L| 


— i  l°ge2  =  i+Hog^2 

z=(xJk  i)3 

log102=731(2-l)log10e 
=  -3174(2: —  1) 
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whence 

But 

and 


Now 


2=1-85 

Ki'{z  1 = mil)  o 
3 

Kl  12800  x -85 


If  _i \ loci'  2  —  1  1 

Y—iZL  2(s-i)3  b  4(g-i) 

V  1  ,  1  +x 


:-594. 


If  the  pressure  had  been  so  great  that  there  was  no  hollow  at  all,  then 


and 


8  k3=P 


i 

400 


V'=JLV-i_ 

V  2  Lo  — t 


‘625. 


These  cases  are  however  not  comparable,  their  masses  being  so  different. 

L2.  Energy. — The  energy  will  be  composed  of  two  parts,  external  and  internal. 
Denote  them  by  E2,  Ex  respectively,  and  let 

E=E1+E3 

We  need  only  the  lowest  order  of  terms  in  Ex.  We  can  easily,  therefore,  obtain  it 
by  supposing  the  core  to  be  bounded  by  concentric  circles,  and  the  velocity  at  any 
point  to  be,  V  in  the  direction  of  translation,  and  U  perpendicular  to  the  radius  to 
the  centre  of  the  cross-section.  The  energy  will  not  contain  terms  in  Y  U.  Hence, 
It  being  the  radius  of  the  axis  of  the  ring, 


E:  =  l  2 Trite/.  f  227rrcMP+  ^mc/V2 

J  rx 


=  2^Rd{i^  log  Y)+^W- Y)}  +>d\> 

5  E 


MDCCCLXXXV. 
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Now 


A  _ _ ^la  |  /*  a  rl 

°  t r^TT'SZrf-r* 


A  a— 


Hence 


47 ra2(A;32— A2)  7r(r22— r:2) 


E,=JBrf{A  -  j£- /)'  log  1+ vL-r'^.')+fe»^j  +*»<*▼*  •  •  (49) 


Here  the  terms  in  //  are  small  compared  with  the  others,  even  in  the  case  where  x 
is  nearly  unity.  Hence  the  principal  part  of  E:  is 

E!  =  iR(W  log  Li-H) 

To  the  same  order  E3  has  been  found  in  the  paper  “  On  the  Steady  Motion  of  a 
Hollow  Vortex  ”  [1.,  §  12].  Using  the  result  there  obtained 


where 


E3 = 2ttV2  [  U'gi/^o  +  \  U'3  V  ( Bfl — Xa2 + ^r2)  +  ^RrV2]  d' 


pj  I __}H_ ^2 


^irak^  27rr2 

4=^(L,-2) 


Further,  since  \=  1  —  4(L3  —  2)&32,  rz=2ah2,  R=a(l-|-2&33)' 


R2-^2+^=4(L3-i)a2V=(L3-iK 


Hence 


E3  —  2  77 '7 

=M' 


#‘!Y(Li-2)  +  ^r!!(La-i)+iEr,V2' 


47T27  ^ 

/U(l-2Iy) 

4ttV 


d! 


(L,-2)+2^(L3-i)+iV3 


(50) 


where  M'  is  the  mass  of  the  outer  fluid  displaced  by  the  ring.  The  most  important 
term  in  this  is 

E,=  Mj~(L2— 2)= i<*Va(4  -  2) 

Ex  is  in  general  of  order  k2  with  respect  to  this,  unless  there  is  an  added  inner 
circulation  /x^ 

When  there  is  no  added  internal  circulation,  the  energy  of  the  ring  itself  is  small 


*  See  erratum  at  end. 
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compared  with  the  whole.  When,  however,  there  is  such  a  circulation,  and  when  the 
hollow  is  small,  the  internal  energy  is  large,  and  may  be  larger  than  the  external. 
As,  however,  the  aperture  increases — or  as  we  have  already  seen  the  hollow  increases 
— the  internal  energy  will  rapidly  diminish.  The  effect  therefore  of  increasing  the 
whole  energy  is  to  actually  decrease  that  of.  the  core. 

The  external  energy  will,  as  in  the  ordinary  theory,  increase  with  the  aperture. 


Section  III. — Small  Vibrations. 


13.  The  vibrations  here  considered  are  (1)  when  the  core  is  fluted,  and  (2)  when  it 
pulsates.  The  normal  modes  can  be  represented  by  principal  displacements  of  the  form 
an  cos  nv,  together  with  a  series  of  terms  whose  amplitudes  are  (ivith  respect  to  Jc) 
infinitesimally  smaller  than  an.  The  time  of  vibration  will  be  a  function  of  a,  kx,  k2. 
and  may  therefore  be  supposed  expressed  as  a  series  in  terms  of  klf  k2.  It  will  be 
the  aim  in  what  follows  to  obtain  the  first,  or  principal  term,  in  this  expansion,  in 
other  words, — in  functions  of  k1}  k2 — ,  kx  k2  will  be  regarded  as  small  quantities  of  the 
first  order.  To  this  order  it  will  be  found  that  we  need  only  consider  the  principal 
term  in  the  normal  mode  concerned. 

Let  the  form  of  the  surface  at  any  time  be  given  by 

k=kx{l-\-  an  cos  nv -f-  yn  sill  nv) 
k—  &o(  1  +  /3U  cos  nv-\-  sin  nv) 


where  a,  /3,  y,  S  are  functions  of  the  time. 

The  motion  is  then  determined  by  the  stream  functions  already  obtained,  with  an 
added  stream  function,  or  velocity  potential,  to  give  the  small  motions. 

In  general,  the  stream  function  for  the  vibrations  will  be  many  valued.  It  has 
however  been  shown  (I.,  §  13)  that  in  the  case  of  fluted  vibrations  this  portion  is  of 
order  kn+1,  and  may  be  neglected.  This  cannot,  however,  be  done  in  the  case  of 
pulsations,  and  for  that  the  velocity  potential  must  be  employed. 

Let  Xj,  be  the  additional  stream  functions. 

Then 


Xl  vAC-f 
X2=V(c — 


(AWRR  B,/Ih)  cos  n v -j- ( OIL -f  D«T«)  sin  nv]  -j  e 
A'JR„  cos  nv  -f  C'  «R»  sin  nv  }+e 


where  e,  e'  are  uniform  along  the  boundary. 

The  expression  for  the  pressure  at  anv  point  of  the  core  has  been  already  found 

(11)  viz.  : 

f=  c  +/(0  “  <R  iC vel)R- R- 

5  E  2 
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Since  it  will  be  necessary  to  obtain  the  value  of  (f>,  it  will  be  necessary  to  obtain 
the  value  of  xjj  at  any  time  ;  that  is  when  the  boundaries  are  given  by  equation  (51). 
This  will  consist  of  two  portions,  one  determined  by  the  normal  motion  at  the  boundary, 
and  the  other  (e)  by  the  fact  that  the  circulation  remains  unaltered. 

14.  To  find  the  function  y  it  is  first  necessary  to  know  the  velocity  normal  to  the 
boundary  at  any  time.  Now  since  the  boundary  is  not  the  circle,  it  is  in  steady  motion, 
the  function  \p0  will  itself  produce  a  normal  motion.  This  must  first  be  found.  Let  9 
be  the  angle  which  the  boundary  at  an}7  point  makes  with  the  circle  u  —  u,  then 


~ dn du 1  dk 

clT1  dn'  dv  k  dv 


or  since 


k=k1(l-\-ct.  cos  nv- J-  y  sin  nv) 
tan  9=n(a  sin  nv— y  cos  nv) 
Now  the  normal  velocity  outwards  is 


(52) 


1  b-Jr  dv  n  1  t-v/r  du  .  . 

-  -A  —  cos  9 - - - —  sm  9 

p  ov  dn  p  ou  dn 


where  xp=:\jj0- J-y;,  \p0  being  the  stream  function  already  found.  Also,  remembering 
that  6  is  small,  the  normal  velocity  is 


=  —  cos  6—  U  sin  6 

dt 

=  2akl(<x  cos  nv-\-y  sin  n?;)~wU(a  sin  nv—y  cos  nv) 
Therefore,  along  the  boundary 


1  dv 
p  dv  dn 


(2akxct.-\-n\Jy)  cos  nv-\-(2akxy — nUa)  sin  nv 


Then  the  two  sets  of  conditions  give  (letters  with  one  dash  referring  to  the  inner 
surface,  and  with  two  dashes  to  the  outer  surface) 


ART  +BTT  =  ~«3UlV/(2  h)*+- (2  k^y 

'TO 

ARA+BTA  =  -a^V^(2k2)/3+-(2k,yh 

n  i 

CRT  +DTT  =  -a2Ulv/(2^)y  -^(2  k^a 
CR"„  +DT''„=  -aaU„v/(-2/;,)S 


(53) 
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whilst  for  the  motion  outside  the  core 


AR",=  -a*XJ'ZK/(2kz)/3+^  (2&3)’S 

/y3  . 

CR"„=  — a3U'2V/(2&3)S  --  (2 k^(3 


1 

^ . 

I 

J 


(54) 


Denote  the  right  hand  members  of  these  by  £  r),  rj ,  rj1}  rj\,  then  solving 

f-rp//  riv 

A  _  gl  n  —  V  1  >» 

p/  rp//  _ p//  m/ 

XL  XL  72  J-  n 

p _  —  +  h 

p/  rp//  _ p//  rp/ 

with  similar  expressions  for  C,  D,  in  r( . 

Suppose  now 

2{(AJEt*+B*T„)  cos  wv+(C,R*+DX)  sin  nv} 

It  has  to  be  determined  from  the  fact  that  e  is  uniform  along  the  boundary,  i.e., 
when  k=k1{l-\-ccn  cos  nv-\-yn  sin  nv),  &c.,  and  that  the  whole  circulation  remains 
unchanged. 

If  U  denote  the  velocity  along  u,  at  a  point  of  the  boundary;  V  the  velocity  along 
v  as  determined  by  xp  alone,  and  9  the  inclination  of  the  boundary  to  u  (and  therefore 
a  small  angle) ;  then  the  circulation  is 


fx —  ^■"J(A  +  -A„)  + j(  U  cos  #+V  sin  9)ds 


Now 


U  cos  d-fV  sin  9=(  U0-f-  ~bkj. 


dUn  v  7\/  <92\  .  dY 


2/+  dkhU- 


<K 


dV 


-u»+  dk6k+dibke 


dY 

Now  9  is  of  order  bk.  Also  — —  is  of  higher  order  than  we  require  ;  for  both 

a/c 

reasons  therefore  it  may  be  neglected,  and 


since 


f  dY 

J(U  cos  9-\-V  sin.  9)ds=i±Jr  --j  k(a  cos  nv-\-y  sin  nv) 


adv 
C— c 


dn  a 
dv  C  —  c 
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Also 


rfU0 

dk 


ah 


2?r  a  cos  nv  +  7  sin  nv 
n  C  —  c 


dv 


7  dTJ0[^  «  2ernu 
ak  -  I  a  cos"5  nv--  , 
dk  J  o  ^ 

2iraka.c~nu  dU0 
S  dk 


=  4z7rCLakn+z 


cK Jo 
dft 


and  can  therefore  be  neglected  except  in  the  case  of  pulsations. 

Hence  A+2AJEt„=0  our  order  of  approximations.  The  terms  in  e  can  therefore 
be  neglected  except  in  pulsations,  i.e.,  n=  0. 

15.  The  next  step  is  to  determine  cf >.  Now  <f)  is  the  flow  along  any  line  up  to  the 
point  in  question.  Choose  this  line  to  be  the  two  portions 

(1)  straight  line  v=tt  from  u=u1  to  u—u 

(2)  circle  u—u  from  v—v  to  v—tt 


The  part  of  c/j  depending  on  \jj0  depends  on  the  path  of  integration,  but  is  constant, 
and  therefore  will  disappear  in  <£.  Consequently  the  part  depending  on  y  is  the  only 
portion  needed.  Hence 


Now 


Hence 


=f 


1  dy  dv  dn 1 
p  dv  dn'  dn 

1  dX 


p  dv 


du-\- 

Ji)=7T 

du-\- 


1  dy  du  dn' 
_p  du  dn  dv 

1  dX 


dv 


IP 


du 


dv 


=  <t>i  +  <f>-2  (say) 


X= 


-  (L  cos  nv + M  sin  nv)  (say) 
v  (C — c) 


^n±>Mdu 

J  t/j 

=(-)-£  V(|)(CE,+DT.)^ 


_2)i+l  In—  1 

Whence,  as  the  lowest  terms  only  are  required,  and  as  R„cc  h  and  T„oc  k  2 


&  =  (-)" 


V(2£) 

a 


(CJR.-DT,) 


w 

"l 
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Again, 


Therefore 


&=  v(«) 


YL 


— |L)  cos  |M 


sm  wv 


Now 

Therefore 


^-^r^l{(£-iL)cos  sin  nv)dv 

sin  OT+(^-iM)(°os  ™-(-m 


dL 


du  2 


ddxn 


L — AR„T  BT„ 


dT„ 


—  |L=A  -T-*-iE,  +B  Y-*-iT, 


du 


du 


=  A{(«*— i)SP,-py  +  B{-(n=— i)SQ„-iT4 


=  AR 


2?iSP„ 


"  i  p  _  p 

-A-  n- |-i  x  ?*— i 


—BT„ 


2»SQ„ 


Qn-l  Q»+1 


*} 


Now  P„/P„+1  and  Q„/Q„~i  are  both  of  order  k. 

Also, 

(2w+ 1  )P„+1  -  4»CP„ + (2n  - 1  )P*_!  =  0 

Therefore 

9  Ji!L  2;t  +  l  2n  —  1 
Pa+1“'2C  +  2C  Ps+1 

or  to  the  lowest  order 

2 n  ( 2n  4- 1  )k 

P«+i 

So 

2«  ^-=(2?i-l)* 

1 

and  therefore  to  the  same  order 


and  similarly 


Hence 

(f)l-\-(f).2=  const. 


— — iL=w(AR;i— BTW).  ....... 

pi=M(CB»— DT„) 

f V®  { _(AR„~BT„)  sin  «+(CR„-DT„)  cos  nv] 


(55) 


(56) 


The  part  of  <f>x  containing  u  disappearing  with  a  corresponding  term  in  </>2,  as  it 
ought  consistently  with  the  fact  that  this  part  of  cf>  is  independent  of  the  path  of 
integration, 
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The  values  of  <f>  are  needed  along  the  inner  and  outer  surfaces.  Hence  substituting 
the  values  of  A,  B,  C,  D  already  found,  along  the  inner  surface 

•  v/(2A:,)  f  |(FAT/h  +  PAiT/,)-2^r/„Th  •  ,  r(P,«T/,K  +  PAT/„)-2VR'„T'n  1 

<k=  ~  j - ^7777 - W7777 - Sin  UV-\- - 7W777 - 777777 - COS  HV 


p/  p//  p//  p/ 

JA  n±  n  AX  n±.  n 


I)/  p//  p//  p/ 

1  n*-  n  Xt  w 


2714-1  2n  — 1 

Now  the  lowest  terms  in  R,„  T„  are  proportional  respectively  to  k  2  ,  k~*~. 
Hence  to  the  same  order 


•  V2f  (k»*  +  k**  y  2(klk2)»  >  . 

^  7)  Wk-JT^*ryv/l,)suinv+{...)cosnv 


■K- 

We  shall  put  for  the  future 

where  it  is  to  be  noticed  that 
With  this  notation 
s/ 


fc32ra  +  7y2a  2(&1fcg)» 

_  kin  —P>  kS n  _  ^2»  ~  ? 

p°  —  q2=z  1 


<£=— - { —(piy/h —qy\/h) sin  ^+{i^Vh-qvVh) cos  •  .  (57) 


So  along  the  outside  boundary 

4>='~  {—{q.£\/ki  —pv^/h)  sin  nv+(<l£ VK—PV  cos  nv]  .  .  (58) 

whilst  for  the  outside  boundary  in  the  outside  fluid 

. (59) 


A  vW ,  ■  . 

<p= — - —  (— i7i  sm  wr 4-7/1  cos  nr) 


16.  The  pressure  conditions.  —  The  expression  for  the  pressure  at  any  point  of  the 
core  has  been  already  found  (11),  viz.  : — 


P 


-=  const  4-/(7)  -<f>-±vz 4-  At// 


At  a  point  near  a  surface  this  is 

i>=  const  +/(<)-^_i(u+^6i  +  |4V 


d 


/  6m/ 
6U 


const  +/W-^.-iU--U(^6l-+  A  h)+A(</'„-2a=Uoi+x) 


2a2/t 

U  being  the  tangential  velocity  along  the  original  surface. 
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(CO) 


(01) 


whence  the  part  of  the  pressure  depending  on  v  is 

|=  _^-u|  -(-  +  2A </)  bi+  5-^(AR,-BT„)  cos  nv 
+  ;j-~(CR,  -  »T.)  sin  «■}  +  A(x  -  2azTJbk) 

Along  the  inside  surface  this  vanishes.  Therefore 
ljp&( 2k,)-qW(2h) }  +  U1(U,+  2 ka%)y-^  (pf VWJ-lv' A*h)} 

r  4 ask  2  •  I 

-A{^«+4a%1U,r}  =  0 

-\{pW^h)-qiV^h))+v1{vl+2ka%)a-:^{p^^h)-<i-nA^)} 

+K^y-ia%V^=0 

Substituting  for  £  rj,  &c.,  these  become 

_4A^Va+4a^  {Ui(Ui_2Aa»i1)  +  »UI!p}y 

+  (2ahqVi-2a^qViy-^qS-nVlUj^=0 

5  F 


Now 


Hence  outside 


and  inside 


tT__  JL  H 

2 a2  6k 
a2 U=-  K' 


2  V2k 


dU/ 


dk 


w 

■  k 


a2U: 


2/2  h 


-A  a*h 


dso 


d\]  U  .  ~ 

wr= — 7  —  2  Aa2  . 

ClrC  n> 


hX 

da 


=  \/(2£)  {  cos  )  sin  nv 


MDCCCLNXXV. 


766 


PROFESSOR  W.  M.  HICKS  OX  THE  THEORY  OF  YORTEX  RIXGS. 


with  a  corresponding  expression  from  the  second  equation.  In  these  equations  alter 
the  meaning  of  the  a,  so  as  to  write  a  for  lep a,  y  for  \ 2y,  ft  for  hzz(3,  8  for 
Further,  write  u,  v,  w  for  U y^adq),  U2/(2a&2),  U/2/(2a£.i)  respectively.  Then  these 
equations  become 


—  Axia. -\-py +  { n(np -f  1  )u— nAa }uy-\-7iq(y—u)/3—q8— nhivqb  =  0  ~| 
pot-\-  {n(np-\-  l)u—nAa}ua.-\-Aay—ql3—nzquv/3—nq(v  —  n)S  =  0  j 


(62) 


Along  the  outside  surface,  we  find  the  corresponding  expressions  by  interchanging 
1\,  h2 ;  a,  /3 ;  y,  8 ;  u,  v,  i.e.,  put  —p  for  p  and  —q  for  q. 

Then 


P  4a2 


-  =  — [{  — y>/3  ( —  np-\-  l|r — Aa)nvfi-\-  AaS+ga+n^r^a — n^(r — n)yj  cos  nr 


+  {  —  A a/3—pS  +  ( —  np  + 1  |r — Aa)nrS -}- ng{ v  —  n)a + qy + n~uvqy }  sin  nr] 
Ao’ain 


P  v"(2 h),-,  •  •  s  TT'  i  1  V 

d'=  ~  a  h  1  C°S  m~ ^  SU1  "YU  «  + 

\/  (-A)  /  *  /  ■  •  \ 

=  — - - (77  j  cos  nv—rjx  sin  nr) 


+ const 


7l> 

—  Uhl  — U '2(/3  cos  nr  +  S  sin  nr)  +  o,  cos  n^Jrr}  1  sin  nr) 

Substituting  for  the  77  from  (54),  and  altering  the  meaning  of  a,  /3,  y,  8  as  before 
P  4«2  •• 

—  [_ { /3 -f- -j-  l)w2/3]  cos  nr+ {S-bn(n+ l)iFS}  sin  nr] 

Ct  01/ 

Hence,  since  the  pressure  is  the  same  on  both  sides  the  boundary 

qa  +  rPquvoL —nq(v—u)y  —pi 3  +  n  { ( —  np  + 1  )r  —  Aoj  v(3-\-  A  aS 


d’ 


=  -j{(3+n(n+l)iv~/3 


nq(  v  —  u)a  -f  qy + n2qu  v  y — A«/3  — y>8  +  n  { ( — np  -j- 1 )  r  —  A  a }  rS 


d' 


=  {S-|-n(n+  l)nrS} 


When  the  waves  are  travelling  in  the  positive  direction  round  the  ring,  bk  will  be  of 
the  form 

SZq  =  L  sin  (nr+Ai) 

8&2=M  sin  (nr+Xt) 
or 

a=L  sin  Xt  ,  y— L  cos  Kt 
/3=M  sin  \t  ,  S  =  Mcos\^ 
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Substituting  these  values,  and  writing  p  for  d'/d,  the  four  equations  of  condition 
reduce  to  the  two 

L  {pX2 + A  aX —  n  (np  + 1  )w2+  nkau }  —  Mq(X  —  nu)(\ + nv)  =  0 
qh(\-\-nu)(\—nv)  —  Al{(p-\-p)\2—Aa\—n(np—l)v2‘—nAav—n(n-\-l)w2p}  =  Q 


Whence  the  equation  to  determine  X  is 


I  pX2+A«X—  n(np-\-  l)w2+??A«w  ,  q(\ — nu){\.-\-nv) 

|  q(\-\-mi)(\— nv)  ,  (p-\~ p)X3 — AaX — n(np —  l)-y2 — nAav-n(n-\-  l)ivzp 


(63) 


17.  Case  I. — No  rotational  core.  Here  the  periods  are  given  by 

X2 — n{n- j-l)w2=0. 

The  time  of  vibration  is  therefore 


2-7T  (47Tf/A.'2)3  ''j 

n(n  +  1)  /i2V7 n(n  +  1)  f 

or  by  (39)  . (64) 

=  m  i 

2T\.y/n(n  +  l)  J 

and  is  therefore  the  same  whatever  the  size  of  the  ring.  Moreover,  when  n  is  large, 
the  time  varies  inversely  as  n.  The  ring  is  always  stable  for  vibrations  of  this  mode. 
The  expression  for  the  time  does  not  agree  with  that  found  in  the  former  paper 
[I.  §  13].  The  reason  of  this  is  stated  in  a  note  at  the  end  of  the  present  paper. 

Case  II.  Continuous  case. — Here  /xL= 0,  7^=0,  a=y=0,  p—  1,  q=  0,  and  the 
equations  of  motion  reduce  to  two 


—  (1  +  pj/3 —  { n(n —  1  )v2A~n(n  -\-l)LV2p-\-nAav}/3-\-Aa$=0 
— Aafi — (1  +p)S —  {n(n—  l)iv°p-\~nAav}8=0 


Here  putting 


bk= L  sin 

( 1  +  p)X2  —  AaX  —  { n(n  —  1  )v2 -f- n(w+ 1 )  uAp + nAciv }  =  0. 


Since  the  core  is  continuous 


therefore 


p.  ~  —  ^TtAtdk2 
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whence 


and 


y.  '2v  ^  n{(n  —  3)v~  +  (n+l)vrp} 

1+p  1+p 

—v  +  \/{v2-\-n(  1  +  p)((n  —  3)r2-t-  (?i  +  l)w3p)} 


(65) 


In  order  that  the  motion  may  be  stable  the  expression  under  the  root  must  always 
be  positive,  whatever  value  n  has,  =  >  1.  The  least  value  is  when  n—  1.  Hence  the 
condition  of  stability  is 

2 v?p(  1  +  p)  >  ( 1  +  2p)-r3 
or 


/A~  > 


/a_l  +  2p_ 
2(l  +  p)p 


(66) 


In  the  ordinary  theory  where  p=l  and  /x2=/h  the  ring  is  therefore  always  stable. 
When  there  is  no  additional  circulation  the  condition  becomes  p>  1/^/2  or  d<d'^/2. 
The  ordinary  simple  ring  will  therefore  be  stable  even  when  the  density  of  its  core  is 
as  large  as  y/2  times  the  surrounding  fluid.  In  any  case,  whatever  the  density  of 
the  core  may  be,  the  ring  will  be  stable  provided  it  has  an  additional  outside  circula¬ 
tion  given  by  (66).  In  general  the  two  values  of  X  will  be  of  opposite  sign,  and  will 
correspond  to  waves  travelling  with  and  against  the  cyclic  motion.  The  positive  root 
gives  that  in  the  same  direction  and  the  negative  in  the  opposite.  In  the  simplest 
cases  of  equal  density  and  no  added  circulation  the  roots  are  — nv  and  (n—  l)v. 

18.  Case  II L— Ab  internal  added  circulation,  with  a  hollow.  Here  Pi  =  0,  u—  0, 
and  the  equation  for  X  gives  one  root  zero,  and  the  cubic 

(l  -Hpp)X3+ AapX3 —  [n{n — p)v2  -  f-  np(n  + 1 )  or p  + ?  i  A  apv  -f  A3a3 }  X 

— nA  a  { (iip  —  1  )v3-f-  (n  + 1  )iv2p + A  civ  }  =  0 

in  which  since 

/x'=  — 47tA<x3(&23 — h2) 


1  — x 

Denote  the  cubic  by 

X3-f-  6X3+ cX+  d=  0 

We  shall  first  investigate  the  signs  and  finiteness  of  the  different  coefficients,  and 

o  o 

then  pass  on  to  the  question  of  the  reality  of  the  roots. 

2  rp  1  — xn 

X  - 

1  —  x  1  —  xn  +  (1  +  xn)  p 


1+PP 
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Since 


P~ 


k^+kj* 

k**-k**— 


1  +  xn 
1  —xn 


Further  denote  l+x+  .  .  .  +  xn~l  by  X*  and  (1— af)  +  (l  +  xn)p  by  f,.  It  is  to  be 
noticed  that  since  x  lies  between  0  and  1,  these  quantities  are  both  positive  and  finite. 
With  this  notation 


and  is  always  negative  and  finite. 
The  second  coefficient  is 


A 


l  +jpp 


{np(n- {-  1  )iv2p-\-n(n  —p)v2  ffi  nh.apv-\-  A?d2 


After  some  algebraic  reduction  this  may  be  put  in  the  form 


/« L 


( 1  -\-xv)n{n-\- 1  )urp + ( 1  —  x)v2t0n~ 


n- 


2r  +  3 


-j-r2+3r+ 


Here  c  is  always  finite  and  negative. 
The  third  coefficient  is 


d-- 


nAa 


1+PP 
2  nXH 


{ (?i  -f  1 )  w-p -f- ( np  —  1 )  v3  +  A  av] 


fn  _ 


(„+l  )(^-v*)+ 


2  n 


which  again,  after  some  algebraic  reduction,  becomes 


d= 2f£*{(»+ 1  )(»V  -o'1) + S  7\n-r- 1  yj  v 

This  is  always  finite,  and  if  iv2p>v2  it  is  also  always  positive.  But  if  w~p<v'~  it 
becomes  negative  for  values  of  n  less  than  a  particular  value,  depending  on  the  value 
of  vf-'p/v2. 

The  conditions  that 

X3  -f-  bX2-\-  cX-f-  c?=  0 

shall  have  real  roots  are 

i. 

ii.  &V-4c3  >  (46s— 1 86c+  27d)d 

We  have  already  seen  that  c  is  always  negative.  Hence  the  first  condition  is 
satisfied  under  all  circumstances. 
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The  second  condition  is 

—  4c3+&3c2+  ISbccl  —  Ab3cl>27d2 . (67) 

Here  every  term  is  positive,  except  when  iv2p<v2.  Treating  this  as  an  equality, 
and  writing  w°p/'v'2‘=y,  Ave  get  a  cubic  equation  in  y.  Let  the  roots  of  this  be  a,  6,  y 
in  order  of  magnitude.  The  inequality  may  then  be  written 


(y-a){y-P)(y-y)>  ° 

Hence,  either  y>a  or  between  /3  and  y. 

When  the  central  IioIIoav  is  very  small,  x  is  also  very  small.  If  x—0 
b=-^-v 

1  +p 


c  =  — l)w'p-\-(n2— 3n+  4)t’2} 


d= 


2  n 

1  +  p 


{ (n+ 1  )w~p-\-  (n  —  3)vz 


•2~> 


In  this  put  for  the  moment  n (n  -b  1 ) w~p /T  3-f  n2 — 3n = 2 ^ 
Then 

c  =  -rf^+2)^ 


d=--£i? 

1  +  P 


and  the  above  condition  becomes 


-  2  -(^_p2)3-pf2^t2l2-pi^d^(£-p2)-27f- 


8p3 


(1 +P) 


n£>  o 


or 


whence 


—  (8  +  4,,— 2^jaj)fS+(  11  +  16/2+4/1 


(f-4-2^(f+-+1)l>0. 


•*  .-YWsi±ie±^>0 

1  +  P/  ^  2(1  +  /,) 


In  this  case  the  two  roots  a  and  /3  of  the  cubic  in  y  become  equal,  and  the  condition 
of  stability  is 

n(n-\-  lW3p+n(n  —  -  >0 

p  + 1 


This  is  always  the  case  Avhen  n>  3. 
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When  n—  2 


or 


When  n—  1 


or 


6iv2pz,[  2 


P  +  1 


2  ^  2p  + 1  0 

vrp>  —vl 
r  6(p+l; 


2»v>(2--+i)»* 


wzp  > 


2p  + 1  9 

- ir 

2(P  +  1) 


(08) 


(69) 


To  n—  1  corresponds  a  vibration  of  the  ring  as  a  whole  about  its  state  of  steady 
motion,  whereby  it  describes  a  circle,  without  change  in  cross  section,  round  its  mean 
position.  Instability  therefore  for  n=  1  actually  means  instability  in  steadiness, 
whereas  instability  for  n—  2  means  instability  of  form. 

For  a  ring  of  the  same  density  as  the  fluid,  and  just  at  the  point  of  forming  its 
hollow,  the  condition  of  stability  of  steadiness  is  w2>  fv3,  and  for  stability  of  form 
w2>{v2. 

For  a  ring  with  a  very  dense  core,  the  corresponding  conditions  are  w2p>\yl  and 
urp  >  }v2. 

When  the  hollow  is  very  large  x  is  nearly  equal  to  unity.  In  the  case  x—1 


b  =  —  nv 
c=  —n[n-\- 1  )w2 

v, 2 

d=—{(n-\-l)w%p  —  2v2}v 

and  the  equation  to  find  \/v=y  becomes,  writing  iv2/v~=z 

y^—ny2 — n{n-\-l)zy-\-n2\{n-\-l)z— ■- j  =  0 . (70) 

When  p  is  infinitely  large  (density  of  core  infinitely  small)  the  roots  of  this  are  n, 
and  ±x/{n(n -{-!)%}.  The  last  two  agree  with  the  result  obtained  for  a  hollow  only, 
as  might  be  expected.  Hence,  when  the  density  of  the  core  is  small  the  ring  is 
stable  when  its  aperture  is  very  large. 

When  p=  1  and  2=1  (the  ordinary  case  treated),  the  roots  are  —n  and  n^y/n. 
This  is,  therefore,  also  stable  when  the  aperture  is  large. 
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The  condition  of  the  reality  of  the  roots  of  equation  (70)  is 
4  ns(n  + 1  )3z3+  n\n  + 1  )2z2  + 1 8  nY(n-\- 1 )  |  (w+ 1  )z  —  -|z+  4  nh  j  (n  + 1  )z  —  = 


>  27n4  \  (n+l)z— 


91  2 


or 


(n-j-l)s28  —  2«(n-}-l)2z2-}-^(w-|-  l)^n  +  — ^  — >0 
For  all  values  of  n.  This  may  be  written 

nh(z —  l)2+n2  |3z3  —  4zz-{-  ^1  —  7  j  +  n|  323  —  2z2-b1^z  — j  +23>  0  (71) 

Call  this  expression  Yn. 

Then  the  condition  for  stability  of  steadiness  is  Y,  >  0,  or 


t(z  — l)2+<|z(3z  —  1)  (s  — l)-}-1^— ^  j-j-  j  3z3—  2z2+^z  —  2~  [  +z3>0 


and 


Y n — Y l  —  (n —  1)  (n3+?2d- 1)2(2  — 1)3+(^  + 1) "j  2i(3z —  1  )(z —  1  )-j — 2  — 

P  P 


+  328-222+182-~ 

P  P". 


=  (n— 1)  (n°-\-n)z(z  — !)*-{- n\ 2(32— l)(z— 1)+— 2— ^  [•  — 23+YT 


Here  n~  or  >2.  Hence,  if  p>l 

Y„  —  h  i>(u — 1 )[  1 122  + 1 62+  4+  YJ 

and  Yj  is  positive.  Hence  Y„>Y1.  It  is  therefore  only  heedful  to  determine  the 
condition  of  stability  when  n=l,  which  is  given  above.  It  is 


When  p=  10  1  this  is 
for  p=  10-2 


/  I  Q\  O  97 

8s3_822+2  1+  '■  z---: T>0  . 
\  pj  p  p~ 


■  •  .  (72) 


(2-5.2  .  .  .)(z2+4.2  .  .  .  2-J-6. 5  .  .  .)>0 
(z— 28)(z2+272+ 1206)  >  0 
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and  in  general  when  p  is  very  small  =10  11 

2p 

z=f  X  103 
or 

w/v=10*  V/|=1'22X  10* 

Coming  back  to  the  general  equation  of  condition,  it  is  clear  that,  since  vf'p3  occurs 
on  the  left  with  a  positive  coefficient,  whereas  the  highest  on  the  right  is  vkp2,  with  a 
given  value  of  x,  it  is  possible  to  satisfy  the  condition  of  stability  in  the  state  of  the 
ring  defined  by  x,  by  taking  w~p  sufficiently  large.  If  then  w2p  be  very  large,  the 
ring  would  be  stable  up  to  a  considerable  value  of  x,  but  as  the  aperture  increased,  a 
point  might  be  reached  at  last  where  it  would  become  unstable.  These  considerations 
apply  to  any  value  of  p.  When  x  is  very 'small  the  equation  for  \/v  becomes 
(writing  y=\/v,  w2p/v2=z2) 


2  P  ,  1 


f-i^f-i^{n(n+Hz*Mn*-‘6n+*)}y+^p{(n+iy+n-3}==' 

One  root  of  this  is  2  ;  the  others  are  given  by 


y*+^py-^p{(n+l)z2+n-S}  =  Q 

which  gives  the  roots  already  found  in  Case  II.,  as  was  to  be  expected.  The  solid 
ring  has  two  periods,  whereas  just  as  a  hollow  begins  to  be  formed  it  suddenly 
possesses  two  additional  ones,  given  by  X=0,  and  \=2.  It  will  be  interesting  to  see 
how  these  are  introduced.  To  do  this  we  must  have  recourse  to  equations  (62a)  and 
determine  the  amplitudes  of  the  inner  and  outer  vibrations  respectively  corresponding 
to  any  given  value  of  X. 

Taking  the  second  of  the  equations  (62a)  and  putting  therein  u— 0,  x—  small,  we 
get 

</LX(X  — nv)~  M{(1  -\-p)\2-\-2v\ — n(n-\- 1  )w2p — n(n — 3)v2}  =  0 

with  the  value  q  —  0.  Hence  M  =  0  unless  X  is  one  of  the  roots  (65).  In  other  words, 
as  the  hollow  forms'  the  outside  vibrations  are  not  immediately  affected,  but  the 
internal  vibrations  introduce  two  periods  peculiar  to  themselves,  one  standing  vibra¬ 
tions  (X=0)  and  another  (\=2v)  travelling  in  the  direction  of  the  cyclic  motion  with 
velocity  2v/n=2JJ /rn,  where  r  is  the  radius  of  the  outside  surface. 

19.  In  the  general  case 

[pX2-f-  AaX— n(np-\-  \)u2-\-nkau}{(p-\- p)\2 — AaX —n{np—l)v2— nkav —n(n+1  )iv2p) 

_  ^(xs  _  n2u2)(\2  -  n2v2)  =  0 
5  G 
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When  reduced  this  is  the  biquadratic  equation 

\++bP+c\2+d\+e=  0 

where 


b  =  Aap/(l+pp) 

c—  —  { (n2 -|- np-\-  n(np + 1  )p)u2-\-  (n2—np)v2-{-np(n-\-l)wip 

-n(p-\-  p)Aau-\-npAav-\-. A3cr  }/(l  -f-  pp) 

d=Aa{  n(np  + 1 )  u2 — n(np  —  l)v2— nAct(  u-\-v)  —n(n  + 1  )vrp }/( 1  -\-pp) 

e — nz[(n2  —  1  )u2v2 + (n + 1 )  (np  -f- 1  )u2w2p + A  au  { (np  + 1  )uv — {tip  —  1  )v2 

-(n-)rl)w2p}  —  A2 a2 uv\! (I -\-pp) 


Now 


therefore 


or 


therefore 


p  —  — 47rAa3(&32 — h 12)=  — 47rAa3&32(l  — r) 


Pi  ~t  p _ Pi 

87 rcPkcf 


-|Aa(l  —  x) 


u— 


Pi 

87 TCpk-p 


Pi 

87 ra°kpx 


v = xu — |  Aa{  1  —  x) 

2 

A  a=- - (xu — v ) 

l—x v  ’ 

A  a 2  t  fi' 

v  1  —x  pl  +  p! 

U  /X,  IP  /Xj 

v  Pi  +  p  P-i  x(pi  +  p 

10 _  /X2 

V  pi  +  p 


If  then  \/v=y,  the  equation  for  y  is 

y*+  W+  cy2+dy  +  e=  0 
where  now  (writing  p'/(p1-\-p),  Sec.  =p,  See.) 
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2/*'p 


(l-as)(l  +pp) 

r  2 

c  =  —  j  (ft2 + up + n{rq>  + 1 )p)  -fft3— ftp+ftp(ft+  l)p/x2 


I  o  P  +  P  /  ,  4/F2  1  1 

"^^(l-*)^  I-®/4  +(l-x)2J  1+pp 


d= 


2  /x'n 


nJP  ~ 1 )  ~  (nP~\r 1 )  (n+ 1  Wp 


(l-x)(l+pp) 

e =Tpo  ["  (n°~  P  (»+ 1  XnP+ 1 ) ' ^  f 


1  —X 


1+ 


p\ 


(73) 


->  /*! 


£C(1  —  ®) 


{np+l)^-np+ 1 


— KiWp 


®(1  -a;)2 


The  general  investigation  of  the  question  of  stability  would  be  very  laborious,  but 
it  may  be  useful  to  put  down  the  values  of  the  coefficients  when  the  aperture  becomes 
very  large,  or  x—  1.  They  are 


In  which 


b—  —nix' 

c—  —  n(?i+l)/x33— (^s+^)/A1 
d=-Ljr{(n-{-  l)ix.22p-ix1(l-\-[x1)—2} 

r 

e  =  w3|ii|(w+1Wsi!-y  (1  +  Pi) 


(74) 


P'l+P- 1 


20.  Pulsations. — Let  the  pulsations  be  given  by 

k=kl(  l  +  £)  Jc=Jc2(l  +>?) 

Then  since  the  volume  of  the  core  remains  unaltered 

Since  the  stream  function  is  now  many-valued,  it  will  be  advisable  to  use  the 
potential  function  for  the  part  of  the  motion  due  to  this :  denoting  it  by  <f),  it  is  of 
the  form 

(f)=\/C— c{AP0-f  BQ0} 

5  g  2 
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where  A  and  B  are  constants  determined  by  the  equation 

bcf>  du 


bu  dn 


—  vel.  inwards  at  the  two  surfaces 


dn  dn  du  ■  dn,  •  ,  • . 

=!u=-toiii=  ~ ^ 


Hence 


hep 

bu 


(C  -c) 


;?=  -4 


Now 


^=27(h)(Ar«+BQo)+v/(C-0{Af  +  Bf»} 


bio  2v/(C 


-T7A-jsP„+2(C-e) 


dl\ 


B 


du  j  2^/(C  —  c) 


Hence 

Therefore 


V(G-c)l 

=  Ax/‘2  to  the  lowest  order. 

Ay2  =  —  —  4«2/c22?? 


-{SQ0+2(C-o)^} 


^=-2v'2a*i1V(C-c).fP0 


(75) 


Again  the  circulation  is  unaltered.  A  term  must  therefore  be  added  to  xjj ;  let  it  be 
denoted  by  y.  Then  y  is  of  the  form 

1 


X  s/(C-c) 
The  circulation  of  this  is 


2{A0R0+£>0T0+  •  •  •  } 


-w/i2A„ 

a 


But  the  circulation  of  ip  round  the  new  boundary  is 

^  U  +  ~dk)  2vr. 

Along  the  inner  boundary  this  is 

=W'1{u1+u1f+'^lf} 

=  47ra&1U1  —  Sv A aPJc-fg  by  (61) 
Hence  since  the  circulation  is  unaltered 

-8^Aa3Vf-T7?A„=0 
A0=  —  4v/2Aa%|2£=  —  4x/2AaiJcJir) 


(76) 
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For  the  pressure  condition  we  require  the  stream  function.  Now  2nxfj  is  the  flux 
across  any  diaphragm  with  circular  boundary  through  the  point  in  question.  Take  it 
to  be  the  annulus  v—tt,  from  u—ux  to  u  =  u,  and  then  the  portion  of  the  tore  u—u 
from  v—tt  to  v=v.  We  need  only  to  find  the  part  of  xfj  due  to  (j).  Now  </>  produces 
no  motion  across  the  annulus.  Hence 


or 


r  bd>  dv!  „  dn'  7 
2  mA  =  — -2t TO— civ 

J  v  on  dn  '  dv 

. ,  rw  j 

x(j  =  —  a\  —dv 

J  i)07.l 

=4a3&12£(7r— v) 

=  ia3k22r](i t—v)  ■  . 


(77) 


which  is  many-valued,  as  it  ought  to  be. 
Again,  we  need  the  flow  due  to  y.  This  is 


P‘  1  duJ_ (T 1  he  civ 

™  J  Ul  p  dv  dn'  v_v=n  ~ ) v\_p  bu  dn  dv _n=n 

=rR^i 

j  Wl  \_p  bv\v=n  ‘  )v\_p  bu\u=i , 

__  pt-l  hf 

Jt,  l_p  tl/.J, 

.,'Aor 


dv 


dv  to  lowest  order. 


'2(C~c)'I!°  4(C-c)*SP»^rf!’ 


=  -|{-V(2)(iL-1)+i}(.-0 

77 — V) 

=  4Ao3/cf ^(77 — v)  =  AK(dk2rj{TT— v)  . 


_  _  A0  / 

-  as/2[ 


■  (78) 


The  pressure  is  given  by 


v  .  /_  dU .  7  ,  1  tv  du  b<f>  dv\ 3 

f=F -4 (U+ A  rfrc  6v  dn) 


-iG%£+££M*+&i+*+x) 

=F«-lU»+A#-M'-uf»-^g+A(3tw-+*'+X 
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keeping  only  the  most  important  terms.  Substituting  the  values  already  obtained 

^F(0-iU*+A.r/, 

2a2&13-^:  £—4  A  azk^{TT —v) 

+  U(U+2AaU-)^-2UA 

+  A  { -  2a8HT£+  4  v)  +  4  Aa%*(L  -  2)  £} 

=  F(0-iU3+Av//+4a^12Lf+U(U-2Aa2Z;)^+4A2aUf(L  — 2)^ 

Hence  along  the  inside 

F(0-iW+A^,  +  4«^L,f+l^jA=(L1-2)a=  +  (^Y)?-2^A«jvf=0 

Whilst  along  the  outside  boundary 

c;{F(-iU\+Afe+4^12Lj+4a*|A2(L.2-2)a8+(^)3-^-Aa}vf 

=rf'{  ia^Uia^k^  } 

Remembering  that  the  large  terms  have  been  already  annulled,  we  get  by  sub¬ 
tracting  the  two  equations  and  writing  £  for  k^,  &c. ,  as  before 

(L3— { A%2(L3 — Lj ) + v2 — id — A  a(v — u) }  £ 

=|{Lsf+w»f} 

or 

{L1  +  (|-l)L3}f+[!»^-(i>- »)(f+«-A«)+AW(L1-L,)}f=0 

whence  (if  p=d'/d).  The  time  of  pulsation  is 

_ L2(p  — H+W _ 1 

pw2  +  A2a2(Lj  —  L2)  —  (y  —  u)  (y  +  n — Aa)  J 

The  numerator  of  this  is  always  positive.  Hence  the  condition  for  stability  is  that 


(79) 


(80) 


pw- + A2a2(L1  —  L2)  +  {v  —  it)  Act  >  F2 — w2 
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When  the  added  circulation  is  in  the  same  direction  as  that  of  the  core — as  has 
been  supposed  throughout,  v  >  u. 

If  there  are  no  added  circulations,  u— 0,  iv=v,  and 

-±Aa(l = 


and  the  condition  of  stability  is 


p>  Id 


2 

1  —  x 


2  log  1 jx 

(1 


The  maximum  value  of  the  right  hand  member  is  when 


or 


1  +  x  2  log  x 
x(l—x)2~'  (l—x)s 


0 


1  — a?3+  2a?  log  x—  0 


whence  x=l,  which  makes  the  condition  become 


p>  0. 


Now  x  is  always  <  1,  and  since  p  is  always  positive,  the  condition  is  satisfied. 
In  general 

w  H 

w = —  =  — — — 

27 Tak2  87 m3&23 

_ Pi  +  p' 

87 TCiPk^ 

_  jU-x 

W“87raV 

Also 

P  —  —  47tA(X3(^23  —  ^1s) 

Hence  condition  of  stability  is  that 


A2 


k :■ 


7vc) 


h. 


/  log  1/x  1 

^  (1—  x)2\ 


When  a?  is  small  the  right  hand  side  is  evidently  negative  and  the  condition  is 
satisfied.  When  x—  1  the  right  hand  member  is  0. 

Consequently 


pxp  >  0 
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In  general 


2  2  log  x 


all  these  terms  are  negative.  Hence  the  core  is  always  stable  for  pulsations. 
Substituting  for  u,  v,  w  the  time  of  pulsation  is  given  by 


I677 


/  1  />L3  +  i  log  1  lx 


IHP—P 1 

For  a  coreless  ring  this  is 


2  2  log  £ 


1  ()7r~crk1 2 3 4 5  /  ,  4 

-r  V  log  J 


(81) 


which  agrees  with  the  value  obtained  in  [I.  §  14]. 

[Added  April  3,  1886. — The  cubic  giving  the  times  of  vibration  of  a  hollow  ring 
of  the  same  density  as  the  fluid,  and  with  no  extra  circulations,  can  be  solved.  The 
equation  is 


1  _ r11 

Q  A  ,(y  o 

f-jzjr- 


n~ 


l-x  ^  (1  -xf 


1  —Xn 
1  — X 


=  0. 


The  roots  are 


y=-n,  i(»+Y^)±l  \Z{(M+TA)’-r^(n“lA’ 


47r2r2 

The  corresponding  times  of  vibration  are  - ,  where  r  is  the  radius  of  the  section.] 

P l ' 


Errata  in  Paper  on  “  Steady  Motion  and  Small  Vibrations  or  a  Hollow 

Vortex,”  Phil.  Trans.,  Vol.  175. 

1.  Page  188,  line  6  from  bottom,  the  coefficient  of  Td  in  U  is  wrong,  since  the  full 

value  of  \p0  was  not  substituted. 

2.  Page  191,  line  4,  for  1—2 Jd  read  \-\-2ld. 

3.  „  „  6,  for  (L—  f)  read  L— 

4.  ,,  ,,  7,  the  coefficient  of  Id  is  f(L  — ^)3. 

5.  In  §  13  the  effect  of  the  surface  velocity  in  modifiying  the  normal  motion  of  the 

wave  motion  has  been  neglected.  The  time  of  vibration  there  given  is 
therefore  wrong.  The  correct  value  is  given  in  the  foregoing  discussion  in 

§17- 
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XVI.  On  the  Clark  Cell  as  a  Standard  of  Electro-motive  Force. 
By  Lord  Rayleigh,  F.R.S. 


Received  Jan.  7, — Read  Jan,  21,  1886. 


§  39.  The  importance  of  a  convenient  standard  of  electro-motive  force  is  now 
fully  recognised.  It  gives  the  most  available  means  of  measuring  currents,  especially 
of  large  amount,  and  has  been  used  for  this  purpose  by  several  experimenters.  I  may 
refer  to  my  investigation  on  the  Constant  of  Magnetic  Rotation  of  Light  in  Bisulphide 
of  Carbon,*  in  which  the  currents  were  all  measured  by  reference  to  a  Clark  cell, 
whose  value  was  originally  obtained  by  absolute  measurements  and  verified  at  in¬ 
tervals  by  the  silver  voltameter.  Clark  cells  are  exceedingly  convenient  in  use,  and 
would  doubtless  be  generally  employed,  could  confidence  be  felt  in  their  permanence, 
and  in  the  equality  of  cells  set  up  by  different  persons  from  the  same  recipe,  lo 
these  questions  I  have  given  much  attention ;  and  the  result  of  a  large  experience  is 
very  favourable  to  the  trustworthiness  of  the  cells,  if  reasonable  precautions  be  ob¬ 
served  in  charging  them.  I  believe  that  any  one  who  takes  the  trouble  to  set  up 
three  or  four  cells  and  compares  them  occasionally,  will  be  in  possession  of  a  standard 
of  E.M.F.  which  he  may  trust  to  about  ToVoth  part. 

The  present  memoir  is  to  be  regarded  as  supplementary  to  that  on  the  Electro¬ 
chemical  Equivalent  of  Silver,  and  on  the  Absolute  Electro-motive  Force  of  Clark 
Cells,!  and  the  paragraphs  are  numbered  accordingly.  The  total  number  of  cells 
experimented  upon  is  large.  Of  my  own  construction  there  have  been  about  60  of 
the  ordinary  kind  (with  solid  zincs),  and  about  30  of  the  H-pattern  (§  28)  with  zinc 
amalgam.  In  addition  to  these  some  40  cells  made  by  others  have  been  compared, 
with  very  interesting  results  to  be  given  later. 

Before  entering  into  details  it  may  be  convenient  to  summarise  the  principal 
sources  of  error.  The  E.M.F.  may  be  too  high,  (1)  because  the  paste  is  acid,  (2) 
because  the  paste  is  not  saturated  with  zinc  sulphate.  The  first  fault  tends  to  cure 
itself,  and  is  rarely  found  after  the  cells  are  a  month  old.  The  second  is  the  origin  of 
the  more  serious  discrepancies  that  have  been  met  with  in  commercial  cells.  If  the 
E.M.F.  is  too  low,  the  cause  may  be,  (l)  that  the  cell  has  become  dry,  in  which  case 
the  drop  will  probably  be  progressive,  (2)  the  solution  is  s?qper-saturated  with  zinc 
sulphate,  (3)  the  mercury  is  impure. 

*  See  ante,  p.  343. 
f  Phil.  Trans.  Part  II.,  1884. 
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Believing  that  these  cells  are  capable  of  affording  standards  of  a  high  degree  of 
precision,  and  that  they  ought  to  be  in  general  use,  I  have  gone  into  considerable 
detail  as  to  the  procedure  which  may  be  adopted.  This  may  give  the  impression  that 
the  preparation  is  troublesome,  but  in  reality  the  method  that  I  propose  is  much 
simpler  than  those  hitherto  employed  and  thought  to  be  necessary.  To  show  how 
easy  it  is  to  set  up  these  cells,  I  may  refer  to  two  large  ones,  contained  in  glass 
cylinders  of  about  4  inches  diameter,  and  provided  with  wooden  covers  by  wdiich  the 
electrodes  are  carried.  Enough  common  mercury  was  poured  in  to  cover  the  bottom, 
contact  being  made  with  it  by  means  of  a  platinum  wire  sealed  in  a  glass  tube.  The 
jar  was  then  filled  to  a  height  of  about  4  inches  with  saturated  solution  of  commercial 
zinc  sulphate  with  which  some  mercurous  sulphate  had  been  rubbed  up  in  a  mortar. 
The  zinc  electrode  was  cut  from  ordinary  sheet  metal,  and  was  suspended  horizontally 
near  the  top  of  the  liquid  by  a  projecting  tail.  After  the  first  few  weeks  these  large 
cells  have  never  deviated  from  the  standard  by  much  more  than  yoVo~>  and  have  been 
found  very  convenient  for  certain  purposes  on  account  of  their  comparatively  small 
resistance.  They  have  also  been  used  for  preliminary  comparisons  with  cells  whose 
value  was  unknown,  in  which  case  there  was  danger  of  more  current  passing  than  is 
desirable  to  allow  through  delicate  standards. 

§  40.  The  method  followed  for  making  the  recent  comparisons  is  the  same  in 
substance  as  that  described  in  §  28.  The  use  of  a  high  resistance  galvanometer  gave 
a  greater  facility  of  reading,  a  change  of  too'oo  in  the  E.M.F.  under  measurement 
giving  a  motion  of  the  spot  of  light  which  could  be  seen  without  a  telescope  from 
across  the  room. 

The  accompanying  table  (XIII.)  gives  the  values  of  most  of  the  older  cells  in 
continuation  of  that  contained  in  the  note  to  §  30  (p.  459).  Cells  (4),  (8),  (9) 
were,  I  think,  left  at  Cambridge;  (18)  and  (19)  were  observed  at  intervals  during 
1885,  but  the  E.M.F.  was  found  to  fall.  When  about  three  parts  per  thousand 
too  low,  they  were  removed  for  examination,  and  found  to  be  dry.  The  water  had 
exuded,  or  evaporated,  through  cracks  in  the  paraffin  wax.  The  cells  of  the  H- 
pattern,  UG,  H13  were  broken  in  a  manner  to  be  presently  explained.  On  the 
other  hand  some  new  cells  of  the  H-pattern,  a,  l>,  .  .  .  f  are  included.  They  are  those 
referred  to  in  the  previous  paper  as  having  been  fitted  up  by  Mr.  Threlfall,  and 
are  more  than  a  year  old. 

The  agreement  exhibited  in  Table  XIII.  is  very  remarkable.  In  many  cases 
the  cells  may  be  depended  on  not  to  vary  relatively  more  than  2  or  3  parts  in 
10,000,  notwithstanding  considerable  changes  of  temperature.  It  is,  indeed, 
doubtful  whether  even  the  whole  of  the  small  variations  recorded  are  real.  1°  C. 
influences  the  E.M.F.  about  8  parts  in  10,000,  and  differences  of  temperature  of 
two  or  three-tenths  of  a  degree  may  well  have  occurred,  since  the  cells  were 
variously  mounted,  and  no  particular  precautions  were  taken  beyond  the  avoidance 
of  readings  at  times  when  the  temperature  of  the  room  (immediately  under  the  roof) 
was  changing  rapidly. 


Table  XIII. 


i 

April  27,* 

1886. 

58°. 

OffiMOHHONOHCOil  cococo 

00500000  OOOOO  o  o  o 

0050000000000  ooo 

005  0  000000000  ooo 

'“H  rH  r-H  r-H  p-H  r-H  t— 1  r-H  r-H  r-H  — H  r-H  r-H  r-H 

«r  . 

Ol  . 

.  oo1>, 

Q 

O  a  O  (M  0  CO  CO  0  LO  H  O  ^ 

octjoooo  r  ooooo  ooo 

oooooooooooo  ooo 

OOiOOOOOOOOOO  ooo 

rH  r-H  r-H  t-H  r-H  r— <  r— H  r-H  r— *1  rH  r-H  r-H  r-H  r-H 

Nov.  23,  24, 
1885. 

54°,  52°. 

oaiMHooHnocooMco  cowhh  5 
oooooooooooo  oooo  T3 

005000000500500  OOOOO 

OOOOOOOOOOOO  OOOO  3 

r— l  rH  rH  rH  rH  rH  rH  rH  r-H  rH  rH  rH  r-H  .Hj 

Oct.  22,  23, 
24,  1885. 
57°,  57°,  56°. 

oh(mh^oo0hcjhh  co  h  o  o  a  t? 

oooooooooooo  oooooo 

OOOOOOOOOOOO  OOOOOO’ 

oo oooooo  9999  oooooo 

rH  rH  r-H  rH  rH  rH  r-H  r— J.  rH  r-H  H  rH  rH  rH  rH  rH  r-H 

Sept.  3,  4, 
1885. 

64-5°,  62-5°. 

1-0000 

1-0001 

1-0000 

1-0005 

1-0000 

1-0001 
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It  maybe  convenient  to  recall  that  cells  1,  5,  were  made  in  Oct.,  1883;  10-13 
and  14-19  in  May,  1884  ;  H5  in  March,  1884  ;  H10,  Hn  also  in  March,  1884. 

§  41.  In  cells  of  the  ordinary  type  the  principal  source  of  weakness  is  im¬ 
perfect  sealing  at  the  top,  due  to  cracks  in  the  paraffin  wax.  As  pointed  out  by  Dr. 
Alder  Wright,*  a  better  result  is  obtained  if  the  whole  cell  be  imbedded  in  a  large 
mass  of  wax  than  when  (as  in  my  cells)  the  wax  is  applied  merely  inside  the  tube, 
above  the  cork  sustaining  the  zinc.  During  the  last  year  I  have  replaced  paraffin 
by  marine  glue,  which,  so  far  as  can  be  judged  at  present,  may  be  relied  upon  to 
effect  a  complete  seal.  The  procedure  will  be  described  presently  more  in  detail. 

The  cause  of  failure  in  the  H-cells  is  of  a  different  nature.  Many  of  the  earlier 
cells  had  been  found  to  break  in  the  amakam  leg,  and  the  trouble  was  attributed  to  a 
hardening  and  expansion  of  the  contents  (§  29).  Such  a  hardening  had,  in  fact,  been 
observed  in  one  or  two  cases.  More  recent  experience,  however,  has  proved  that  the 
cause  must  be  looked  for  elsewhere,  several  cells  having  failed  in  which  no  trace  of 
solid  amalgam  was  to  be  found.  Nevertheless  the  amalgam  is  the  cause  of  the 
trouble,  for  out  of  a  large  number  of  breakages  not  one  has  occurred  in  the  leg  con¬ 
taining  pure  mercury.  It  would  appear  that  some  alloying  takes  place  with  the 
platinum  wire  in  contact  with  the  amalgam,  and  that  this  gradually  extends  itself 
with  fatal  results  to  the  paid  of  the  platinum  sealed  into  the  glass,  from  which 
place  the  cracks  are  always  observed  to  radiate.  It  is  hoped  that  a  cure  will  be 
found  in  a  plan,  adopted  for  some  recent  cells,  of  melting  in  a  little  cement  (marine 
glue  has  been  used)  so  as  to  protect  from  the  amalgam  the  part  of  the  platinum 
which  lies  nearest  to  the  glass  ;  but  it  is  too  soon  to  speak  with  certainty. 

§  42.  The  H-form  lends  itself  to  hermetical  sealing,  and  at  one  time  I  antici¬ 
pated  advantage  from  this  course.  There  is,  however,  such  a  large  amount  of 
spare  liquid  that  there  is  no  likelihood  of  trouble  from  desiccation,  even  if  the 
corks  allow  a  little  evaporation.  Indeed,  by  withdrawing  the  corks  a  fresh  supply 
of  liquid  could  be  introduced  at  any  time.  It  happened  on  one  occasion  that  an 
H-cell  to  which  a  large  excess  of  salt  had  been  added,  was  so  far  crusted  up 
next  the  metallic  surfaces  that  it  began  to  show  signs  of  failing  E.M.F.,  much  as 
if  it  were  going  dry.  The  mass  was  so  compact  that  no  impression  could  be 
made  upon  it  with  a  glass  rod  ;  but  it  was  bored  through  with  a  steel  reamer, 
when  the  E.M.F.  at  once  recovered  its  normal  value.  In  such  cases  the  acces¬ 
sibility  is  advantageous,  especially  for  purposes  of  experiment.  It  is  well,  however, 
to  avoid  such  a  large  excess  of  salt  as  was  present  in  this  case.  By  alternate 
melting  and  crystallisation  as  the  temperature  rises  and  falls,  there  is  a  tendency 
to  aggregation,  of  which  the  cell  above  referred  to  affords  an  extreme  example. 

In  the  construction  of  cells  with  solid  zinc  electrodes,  I  have  fallen  back  upon 
a  simplified  pattern — nothing  more  in  fact  than  a  small  tube  with  a  platinum 
wire  sealed  through  its  closed  end.  See  figure. 

*  Pliil.  Mag.,  July,  1883,  p.  32. 
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The  only  objection  to  this  form  is  that  the  cells  cannot,  without  precaution,  be 
supported  from  underneath.  Most  of  mine  are  held  at  the  centre  by  a  spring  (cut 
from  sheet  metal)  against  a  piece  of  board  mounted  on  its  edge.  In  this  case  the 
copper  electrodes  are  secured  in  sealing-wax  to  the  wooden  stand.  For  single  cells, 
when  portability  is  desired  and  convenience  of  immersion  in  water  or  ice,  it  is  a  good 
plan  to  enclose  the  whole  in  a  rather  long  and  narrow  test-tube.  A  little  cotton  wool 
supports  the  cell  and  prevents  it  from  shaking  about  laterally.  The  gutta-percha 
covered  leads  pass  through  a  piece  of  cork  inserted  near  the  top  of  the  test-tube,  and 
a  little  marine  glue  poured  over  the  cork  makes  all  tight.  In  order  to  give  mechanical 
support  to  the  platinum  wire,  which  is  liable  to  break  where  it  passes  through  the 
glass,  the  external  application  of  sealing-wax  is  recommended — a  precaution  applicable 
also  to  the  H-cells. 


§  43.  In  charging  the  cells  the  first  step  is  to  pour  in  sufficient  pure"  mercury  to 
cover  the  platinum  effectively.  The  paste  (of  which  more  presently)  is  next  intro¬ 
duced,  with  the  aid  of  a  small  funnel,  care  being  taken  not  to  soil  the  sides  above 
the  proper  level.  The  zincs,  cut  from  rods  of  pure  zinc,  as  supplied  by  Hopkins  and 
Williams,  and  not  recast,  are  soldered  to  copper  wires  and  cleaned  in  the  lathe. 
Just  before  use  they  are  dipped  in  dilute  sulphuric  acid,  washed  in  distilled  water , 
and  dried  with  a  clean  cloth  or  filter  paper.  Each  zinc  is  mounted  in  a  shoit  piece  of 
cork  fitting  the  tube  (but  not  too  tightly),  and  nicked  in  order  to  allow  of  the  passage 
of  air.  The  cork  is  pushed  gradually  down  until  its  lower  face  is  almost  in  contact 

*  Except  when  the  contrary  is  stated,  mercury  distilled  in  vacuo  has  been  used  for  Clark  cells.  There 
is,  I  believe,  a  difficulty  in  purchasing  mercury  thus  treated  ;  but  every  physical  laboratory  should  be 
provided  with  an  apparatus  for  this  purpose.  That  employed  by  me  was  distilled  at  Cambiidge  in  an 
apparatus  set  up  by  Mr.  W.  N.  Shaw. 


786 


LORD  RAYLEIGH  OH  THE  CLARK  CELL  AS 


with  the  paste.  The  object  is  to  leave  but  little  air,  and  at  the  same  time  to  avoid 
squeezing  up  the  paste  between  the  cork  and  the  glass.  The  whole  is  now  made 
tight  by  pouring  marine  glue  over  the  cork  high  enough  to  cover  the  zinc  and 
soldering,  and  leave  only  the  wire  projecting.  The  tube  should  rise  high  enough  to 
receive  the  glue,  and  thus  secure  a  good  adhesion. 

The  marine  glue  is  melted  over  the  gas  flame  in  a  small  pot  or  basin,  and  stirred, 
until  uniform,  with  a  small  stick.  It  should  be  fluid  enough  to  pour  by  its  own 
weight.  If  necessary,  a  little  benzole  may  be  added,  but  the  cement  should  be  pretty 
hard  when  cold. 

In  the  operation  of  pouring  in  the  marine  glue  the  glass  is  heated  by  the  glue 
sufficiently  for  adhesion  ;  but  this  heat  does  not  extend  appreciably  below  the  cork. 
Neither  in  this,  nor  any  other  stage  of  the  process  of  charging,  is  heat  applied  to  the 
paste. 

§  44.  The  earlier  cells,  prepared  with  paste,  which  was  doubtless  strongly  acid, 
frequently  gave  irregular  results  for  several  weeks.  Extreme  cases  are  afforded  by 
15  and  16,  which  are  shown  by  Table  VIII.  of  the  former  paper  to  have  been  at  first 
more  than  2  per  cent,  too  strong.  Moreover,  as  appears  from  the  continuation  of  this 
table  in  the  notes  (p.  459),  it  took  nearly  two  months  for  these  cells  to  settle  down  to 
their  normal  values.  The  cause  of  irregularity  is  to  be  sought  rather  at  the  mercury 
than  at  the  zinc  (or  amalgam)  electrode. 

In  order  to  examine  this  question,  H-cells  were  charged  with  pure  mercury  and 
paste  in  both  legs,  and  filled  up  as  usual  with  saturated  zinc  sulphate  solution.  There 
should,  of  course,  have  been  no  E.M.F. ;  but  the  value  of  one  of  the  cells  w'as  ’0041 
Clark,  and  remained  tolerably  constant  for  several  days.  By  stirring  with  a  glass 
rod,  the  E.M.F.  could  be  either  increased  or  diminished.  After  some  weeks  the  cells 
had  come  sensibly  to  zero,  and  would  bear  stirring  (in  one  or  both  legs)  without  much 
disturbance.  To  another  cell,  which  still  showTed  irregularity,  zinc  carbonate  was 
added.  The  E.M.F.  was  much  reduced,  and  in  a  few  days  was  scarcely  sensible  even 
on  stirring. 

When  the  paste  is  neutralised  in  the  first  instance  with  zinc  carbonate,  the  irregu¬ 
larities  are  much  reduced.  Two  cells  thus  prepared  had  an  E.M.F.  less  than  '0001 
Clark,  and  were  scarcely  affected  by  stirring.  On  Jan.  27,  1885,  a  piece  of  zinc  wire 
was  poked  through  the  paste,  so  as  momentarily  to  touch  the  mercury  in  one  leg  of 
one  of  these  cells.  A  large  E.M.F.  was  thus  developed,  which  remained  operative 
for  half-an-hour  or  more  ;  but  on  Jan.  2S  the  E.M.F.  was  only  ‘0003  Clark,  and  on 
Jan.  31  '0002  Clark.  It  is  clear  that  the  mercurous  sulphate  lias  the  property  of 
freeing  the  mercury  from  the  smallest  contamination  with  zinc. 

§  45.  In  consequence  of  these  observations  more  recent  cells  have  been  prepared 
with  neutralised  paste.  This  course  has  the  advantage  that  the  cells  attain  their 
normal  values  in  a  few  days,  sometimes  within  one  day,  of  charging.  So  far  as  I  can 
judge,  however,  there  is  no  difference  in  the  ultimate  value  whether  the  paste  be  acid 
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or  neutral.  In  the  former  case  the  cell  probably  neutralises  itself  by  dissolution  of 
zinc,  a  certain  amount  of  gas  being  liberated. 

It  is  convenient  to  keep  a  stock  bottle  of  saturated  solution  of  zinc  sulphate.  This 
may  be  prepared  in  a  flask  by  mixing  distilled  water  with  about  twice  its  weight  of 
crystals.  A  little  carbonate  of  zinc  is  added  to  neutralise  free  acid,  and  solution  is 
effected  with  the  aid  of  gentle  heat.  If  time  can  be  afforded,  it  is  a  good  plan  to  let 
the  solution  stand,  as  a  good  deal  of  iron  is  usually  deposited,  even  when  “  pure  ”  zinc 
sulphate  is  used.  The  solution  may  then  be  filtered  in  a  warm  place  into  the  stock 
bottle.  When  it  is  intended  to  charge  H-cells,  or  prepare  paste,  the  bottle  should  be 
exposed  to  a  gentle  warmth  for  a  few  hours,  and  the  solution  should  be  drawn  with  a 
pipette  from  near  the  crystals  at  the  bottom  of  the  bottle.  Otherwise  there  is  no 
security  that  the  liquid  used  will  be  saturated. 

To  prepare  paste  we  may  rub  up  together  in  a  mortar  150  grins,  mercurous 
sulphate  (as  purchased),  5  grms.  zinc  carbonate,  and  as  much  of  the  saturated  zinc 
sulphate  solution  as  is  required  to  make  a  thick  paste. #  Carbonic  anhydride  is 
liberated,  and  must  be  allowed  a  sufficient  time  to  separate.  I  have  found  it  con¬ 
venient  to  leave  the  paste  in  the  mortar  for  two  or  three  days,  rubbing  it  up  at 
intervals  with  additions  of  zinc  sulphate  solution  until  the  gas  has  escaped.  By  the 
addition  of  a  small  crystal,  and  by  evaporation,  we  have  security  that  the  paste  is 
saturated,  and  will  remain  so,  notwithstanding  such  moderate  elevation  of  temperature 
as  the  cells  are  expected  to  bear.  The  paste  may  then  be  transferred  to  a  tightly  - 
corked  bottle,  and,  so  far  as  my  experience  extends,  will  remain  available  for  many 
months  at  least.  Before  pouring,  the  bottle  of  paste  should  be  well  shaken  up. 

The  performance  of  the  newer  cells  has  been  satisfactory  (one  irregularity  will  be 
mentioned  later),  and  the  substitution  of  marine  glue  for  paraffin  wax  promises  a 
longer  life.  A  large  number  of  observations  have  been  recorded,  but  it  does  not 
appear  necessary  to  give  them  here  in  detail. 

§  46.  I  have  been  anxious  to  compare  with  my  cells  some  prepared  by  others, 
and  have  to  thank  many  physicists  for  the  opportunity  of  doing  so.  Dr.  Alder 
Wright  was  good  enough  to  send  me  several  of  his  cells,  with  which  comparisons 
of  especial  value  have  been  made.  I  shall  have  occasion  to  remark  more  at  length 
upon  the  results  obtained  with  these  cells,  and  for  the  moment  will  only  say  that  the 
difference  between  them  and  mine  is  under  TF5~oth  part.  Cells  prepared  by 
Mr.  Threlfall  (not  those  previously  mentioned),  by  Dr.  Fleming,  and  by  Prof.  G. 
Forbes  also  agreed  well. 

Dr.  Fleming’s  cells,  of‘  which  six  remained  in  my  hands,  were  at  first  irregular, 
and  even  now  show  somewhat  larger  variations  than  the  best  cells  are  liable  to.  The 
cause  is,  I  believe,  to  be  found  in  insufficient  purity  of  mercury,  as  is  suggested  by 

*  It  is  usually  found  that  on  neutralisation  the  mercurous  sulphate  turns  yellow,  so  that  the  paste 
presents  ultimately  somewhat  the  appearance  of  mustard.  I  do  not  know  whether  the  change  of  colour 
is  normal,  or  is  to  he  attributed  to  impurity. 
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the  appearance  of  the  metallic  surface.  When  the  mercury  is  quite  pure,  the  surface 
is  as  bright  as  in  a  thermometer  bulb.  I  have  instituted  special  experiments  in 
order  to  ascertain  the  effects  of  impure  mercury.  On  two  occasions  three  cells 
have  been  charged  alike  in  all  respects,  except  that  in  the  first  vacuum- distilled 
mercury  was  employed,  in  the  second  ordinary  mercury,  and  in  the  third  mercury 
purposely  contaminated  with  tin-foil  (probably  containing  also  lead).  The  results 
were  not  very  distinct ;  but  they  indicate  that  impurity  in  the  mercury  is  apt  to 
depress  the  E.M.F.  (e.g.  by  per  cent.),  and  especially  to  make  it  irregular.  I  am 
disposed  to  attach  great  importance  to  purity  of  mercury,  and  believe  it  to  be  more 
essential  than  purity  of  zinc,*  although  I  should  not  recommend  the  use  of  common 
zinc  when  the  purer  metal  can  be  obtained  so  easily.  Other  cells  have  been  prepared 
with  mercury  to  which  a  little  silver  and  copper  (filings  from  a  silver  coin)  were 
added.  After  the  first  week  or  two  the  E.M.F.  of  these  cells  was  normal  (to  within 
TFoodh  part).  It  is  probable  that  metals  more  oxidisable  than  mercury  are  removed 
from  it  by  the  paste,  as  certainly  happens  in  the  case  of  zinc. 

§  47.  It  has  been  abundantly  proved  by  v.  Helmholtz,  Alder  Wright  and  other 
workers,  that  the  E.M.F.  of  Clark’s,  Daniell’s,  and  similar  cells,  rises  as  the  zinc 
sulphate  solution  is  diluted.  In  some  such  cells  to  be  discussed  presently  (39,  40),  the 
E.M.F.  is  about  1^  per  cent,  higher  than  for  a  normal  Clark.  Dr.  Hopkinson,  some 
of  whose  cells  have  been  compared  with  mine,  writes  that  he  is  pretty  clear  that  the 
worst  irregularities  of  Clark’s  cells  are  due  to  the  zinc  sulphate  not  being  saturated. 
A  cell  2  per  cent,  in  excess  could  be  made  right  by  simply  introducing  crystals  of 
ZnS04.  It  is  evident  that  sufficient  care  has  not  been  taken  in  this  respect  in  the 
preparation  of  cells  sold  to  the  public. 

§  48.  In  this  matter  of  saturation  there  is  another  danger  to  be  encountered,  to 
which  my  attention  was  first  drawn  in  connexion  with  some  cells  prepared  with  great 
care  by  Mr.  Mortimer  Evans,  and  left  in  my  charge  by  Sir  W.  Thomson.  Of  these, 
two  were  in  practical  agreement  with  mine ;  but  the  other  eight,  though  in  close 
agreement  with  one  another,  were  too  low  (according  to  my  standard)  by  rather  more 
than  four  parts  per  thousand.  And  this  state  of  things  persisted  without  the  smallest 
change  for  two  or  three  months,  during  which  tests  were  applied  at  intervals. 

Being  anxious  to  examine  a  phenomenon  to  which  my  experience  had  afforded  no 
parallel,  I  opened  carefully  one  of  the  abnormal  cells  (To)  to  the  extent  of  withdrawing 
the  zinc.  My  idea  was  that  possibly  the  zinc  solution  was  supersaturated,  in  which 
case  the  E.M.F.  might  be  expected  to  be  too  low.  Attached  to  the  zinc,  however, 
were  found  what  appeared  to  be  crystals  of  sulphate  ;  but  in  order  to  be  on  the  safe 
side,  a  few  particles  from  the  stock  bottle  were  added  to  the  cell,  and  the  zinc  was 
replaced.  After  the  lapse  of  a  few  hours  the  E.M.F.  was  tested,  and  was  found  to  be 
normal,  as  it  has  remained  ever  since. 

*  Of  ten  cells,  prepared  at  the  same  time  as  a  set  to  be  used  in  series,  five  were  made  Avith  pure  zinc 
and  five  with  common  sheet  zinc.  No  difference  in  the  performance  can  be  detected. 
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There  was  now  little  doubt  but  that  the  solution  had  been  supersaturated,  in  the 
sense  with  which  we  are  concerned.  The  presence  of  crystals  is  no  evidence  to  the 
contrary,  unless  it  can  be  proved  that  the  crystals  were  those  of  the  normal,  hepta- 
hydrated  salt. 

At  this  stage  I  wrote  to  Mr.  M.  Evans  to  inquire  whether  there  was  anything  in 
the  history  of  the  cells  that  would  account  for  the  separation  into  two  classes,  and  I 
was  informed  that  all  the  cells  had  been  prepared  originally  in  the  same  manner.  The 
mercury  was  twice  distilled  in  vacuo,  and  in  other  respects  the  greatest  care  had  been 
taken.  When,  however,  the  cells  came  to  be  tested,  it  was  found  that  owing  to 
contraction  all  but  two  were  wanting  in  proper  contact  between  the  mercury  and 
platinum,  and  that  this  contact  could  only  be  restored  by  remelting  over  a  water-bath 
the  whole  of  the  paraffin  wax  in  which  the  cells  were  imbedded.  It  was  by  this 
operation,  no  doubt,  that  the  solution  became  supersaturated.  The  agreement  with 
mine  of  the  two  cells  which  were  not  heated  (one  of  them  (T3)  is  referred  to  later)  is 
very  satisfactory  as  showing  that  the  great  precautions  exercised  by  Mr.  Evans  lead 
to  the  same  E.M.F.  as  1  have  obtained  with  far  less  trouble.  I  may  add  that  a  second 
abnormal  cell  (T8)  moved  to  equality  with  my  standards  on  being  opened. 

§  49.  With  a  view  to  the  better  understanding  of  this  matter  I  made  myself 
acquainted  with  the  beautiful  researches  of  M.  Gernez  #  upon  supersaturation, 
conducted  principally  with  solutions  of  sulphate  and  of  acetate  of  soda ;  and  have 
performed  parallel  experiments  upon  sulphate  of  zinc.  A  very  strong  solution  of  this 
salt  prepared  hot,  and  sealed  up  in  a  glass  tube,  will  sometimes  cool  without  any 
deposit.  More  often  it  throws  down  an  abnormal  (lower)  hydrate.  If  in  this  condition 
the  tube  be  heated  pretty  rapidly  in  boiling  water,  some  of  the  salt  dehydrates  further 
to  a  powder  (presumably  mono-hydrated)  ;  if  it  be  allowed  to  cool  again  the  inferior 
crystalline  hydrate  reforms.  However  long  the  solution  stands  cold  over  this  hydrate, 
it  is  still  supersaturated  as  regards  the  normal  hydrate,  the  minutest  addition  of  which 
causes  the  supernatant  liquid  to  become  almost  solid,  with  needles  penetrating  it  in  all 
directions.  The  experiment  has  been  repeated  many  times  with  less  strong  solutions 
standing  in  open  test-tubes,  charged  and  preserved  with  the  simple  precautions 
indicated  by  M.  Gernez. 

It  is  evident  that  “  supersaturation  ”  is  a  term  without  definite  meaning  until 
further  explained.  Gernez  has  shown  that  a  solution  may  be  supersaturated  with 
respect  to  one  or  both  of  two  different  hydrates,  i.e  ,  will  crystallise  similarly  on 
contact  with  the  smallest  fragment,  and  not  supersaturated  at  all  with  respect  to  the 
anhydrous  salt,  the  addition  of  which  causes  no  effect.  De  CopPETt  has  proved 
that  the  so-called  supersaturated  solution  may  be  disposed  to  take  up  a  further  por¬ 
tion  of  anhydrous  salt ;  as  may,  indeed,  be  inferred  from  previously  known  facts,  since 


*  “  Annales  de  l’ecole  normale,”  t.  iii.,  1866,  p.  163  ;  t.  v.,  1876,  p.  1. 
t  C.R.  LXXIII.,  p.  1324,  1871.  See  also  Nicol,  Phil.  Mag.,  June,  1885. 
MDCCCLXXXV.  5  I 
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in  general  tlie  anhydrous  salt  must  tend  either  to  leave  or  to  enter  the  solution,  and 
the  former  alternative  is  excluded  by  the  observed  behaviour  on  first  contact. 

§  50.  In  view  of  the  above  facts  we  can  hardly  doubt  that  a  Clark  cell,  heated 
nearly  to  the  temperature  of  boiling  water  and  then  cooled,  would  be  likely  to 
become  supersaturated  ;  but  I  thought  it  would  be  satisfactory  actually  to  try  the 
experiment.  A  normal  cell  of  my  own  preparation  and  containing  an  excess  of 
undissolved  salt,  was  maintained  for  several  hours  at  an  elevated  temperature,  and 
tested  after  cooling.  A  temperature  of  38°  C.  did  not  permanently  alter  the  cell ; 
neither  did  a  temperature  of  49°,  nor  one  of  60°.  But  after  an  exposure  to  about 
80°  a  permanent  change  set  in.  Immediately  after  cooling  the  value  in  terms  of  the 
standards  was  ’9914,  but  after  one  day’s  standing  it  settled  to  ’9943,  close  to  which 
value  it  has  since  remained.  It  appears  from  the  above  that  the  cell  probably 
requires  to  be  heated  sufficiently  to  decompose  the  normal  hydrate,  and  not  merely 
to  bring  all  the  immersed  salt  into  solution.  In  the  latter  case  there  may  well  be 
solid  particles  within  reach,  which  re-determine  normal  crystallisation  on  cooling. 

A  second  experiment  was  tried  with  an  old  cell  (e  of  Table  XIII.)  which  contained 
a  large  excess  of  undissolved  salt.  This  was  of  the  H-pattern,  which  lends  itself 
more  conveniently  to  observation  and  experiment.  On  November  13  the  cell  wras 
heated  for  several  hours  nearly  to  100°  C.  After  cooling  a  solid  mass  of  crystals  was 
to  be  seen  over  tbe  metals  in  both  legs,  and  it  might  have  been  supposed  that  the 
operation  had  been  unsuccessful.  On  November  16,  however,  the  E.M.F.  was  found 
to  have  changed  (from  about  1'0005)  to  *9949,  at  which  value  it  remained  until 
November  25.  On  that  day,  at  5k  p.m.  the  corks  were  drawn.  At  6k  no  effect  had 
been  produced,  and  a  fragment  of  the  normal  hydrate  was  dropped  into  each  leg. 
At  6h  45ra  new  crystals  had  formed,  and  the  E.M.F.  had  risen  to  '9996.  A  few 
hours  later  the  E.M.F,  was  l-0000,  at  which  value  it  has  since  remained  within  2  or  3 
parts  in  10,000.  It  was  remarked  that  the  crystalline  deposit  on  contact  with  the 
normal  hydrate  was  much  less  in  amount  than  had  been  met  with  in  experimental 
tubes  with  simple  zinc  sulphate.  The  explanation  is  probably  that  during  the 
heating  no  complete  diffusion  of  the  salt  was  effected,  so  that  after  cooling  super¬ 
saturation  was  limited  to  the  lower  layers.  Both  metals  being  at  the  bottom  in  this 
form  of  cell,  the  E.M.F.  is  independent  of  the  condition  of  the  upper  parts. 

It  is  worthy  of  note  that  all  the  “  supersaturated  ”  cells  which  I  have  tested  are 
about  5  parts  per  1000  too  low.  That  they  should  give  a  definite  E.M.F.  is  to  be 
expected  whenever  the  lower  hydrate  is  formed.  For  the  solution  in  contact  with 
the  lower  hydrate  is  just  as  definite  in  composition  as  when  it  is  in  contact  with  the 
normal  hydrate.  It  is,  however,  possible  to  have  “  supersaturated  ”  solutions  without 
formation  of  the  lower  hydrate,  and  then  the  E.M.F.  would  be  indefinite.  The 
deficiency  may  certainly  be  less  than  the  5  parts  per  1000,  and  may  probably  be 
more  in  certain  cases. 

§  51.  In  view  of  the  possibility  of  error  from  under  and  over-saturation,  the  reader 
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may  be  inclined  to  ask  whether  it  would  not  be  better  to  prescribe  a  dilute  solution 
for  standard  cells,  as  is  conveniently  done  for  standard  Daniell’s.  One  advantage 
attending  this  construction  is  (as  will  presently  appear)  a  lower  temperature  co¬ 
efficient.  Again,  we  should  be  inclined  to  expect  a  more  definite  dependence  upon 
temperature.  In  order  to  bring  a  saturated  cell  to  its  normal  condition  after  warming 
(for  example),  it  is  necessary  not  merely  that  the  whole  of  the  contents  should  acquire 
the  new  temperature,  but  also  that  sufficient  time  should  be  allowed  for  diffusion. 
If  the  solution  in  contact  with  the  zinc  be  weaker  than  corresponds  to  saturation 
at  the  altered  temperature,  the  full  loss  of  E.M.F.  will  not  be  experienced.  In  this 
respect  the  H-cells,  in  which  the  excess  of  salt  rests  upon  the  metals,  would  seem  to 
have  an  advantage.  But  I  cannot  say  that  in  practice  I  have  met  with  the  defect 
due  to  imperfect  diffusion.  Cells  which  have  stood  at  10°  or  12°  seem  to  acquire 
their  new  values  after  an  hour  or  two’s  immersion  in  ice.  The  argument  weighs, 
however,  in  favour  of  smcdl  cells,  through  which  diffusion  of  temperature  and  matter 
can  take  place  quickly.  Such  experience  as  I  have  had  of  cells  prepared  with  dilute 
solutions,  would  not  lead  me  to  prefer  them,  even  were  there  no  difficulty  in,  or 
necessity  for,  a  standardising.  In  the  case  of  clear  solutions,  such  as  are  used  for 
Daniell’s,  the  specific  gravity  is  a  convenient  test  of  strength  ;  but  I  do  not  see  how 
a  standard  unsaturated  paste  could  be  accurately  prepared  without  a  good  deal  of 
trouble.  Another  objection  to  dilute  solutions  is  the  progressive  alteration  of  E.M.F. , 
due  to  evaporation,  which  must  take  place  whenever  the  sealing  is  at  all  imperfect.* 

In  truth,  there  is  no  real  difficulty  in  avoiding  both  under  and  over-saturation,  if 
the  experimenter  will  bear  in  mind  the  known  properties  of  the  materials  with  which 
he  is  dealing.  The  grosser  errors,  arising  from  the  first  cause,  can  only  occur  as 
the  result  of  carelessness.  As  to  the  latter,  it  may  be  that  supersaturation  has 
sometimes  entered  as  a  consequence  of  excessive  precautions  against  the  admission 
of  air.  It  cannot  occur  in  the  presence  of  the  minutest  fragment  of  the  normal 
hydrate.  Opinions  may  perhaps  differ  upon  this  point,  but  I  am  myself  disposed 
to  condemn  the  use  of  heat  in  charging  the  cells.  If  hot  paste  be  brought  into 
contact  with  hot  mercury,  and  then  closed  hermetically,  there  must  be  some  risk  of 
supersaturation. 

§  52.  The  next  question  which  I  propose  to  consider  is  that  of  the  temperature- 
coefficients  of  Clark  cells.  My  observations  on  cell  No.  1  at  Cambridge,  §  36,  gave  for 
the  proportional  fall  of  E.M.F.  per  degree  Centigrade  in  the  neighbourhood  of  15°  the 
number  '00082,  so  that  at  t°  C.  we  might  take 

E=l'435{l-'00082(£-15)}. 

This  number  is  in  agreement  with  that  found  by  Helmholtz  for.  saturated  cells,  but 
it  differs  seriously  from  the  number  ('00041)  given  by  Alder  Wright!  also  for 

*  Alder  Wright.  Loc.  cit.,  p.  33. 

f  Phil.  Mag.,  July,  1883,  p.  36. 

5  I  2 


792 


LORD  RAYLEIGH  OR  THE  CLARK  CELL  AS 


saturated  cells.  These  discrepancies  have  naturally  led  to  the  conclusion  that  the 
temperature- variations  of  Clark  cells  are  uncertain,  and  Dr.  Fleming  has  insisted  upon 
the  advantage  in  this  respect  possessed  by  the  Dantell.*  If  indeed  it  were  a  matter 
of  chance  whether  the  temperature-coefficient  of  a  Clark  were  '0008,  or  '0004,  the 
utility  of  these  cells  as  standards  for  delicate  work  would  be  seriously  impaired.  A 
glance,  however,  at  Table  XHI.t  will  show  that  such  uncertainty  need  not  exist.  The 
results  of  March  2  and  June  4  correspond  to  a  difference  of  19°  F.,  or  about  11°  C.,  so 
that  if  one  cell  had  the  coefficient  ‘0008,  and  another  the  coefficient  '0004,  the  change 
of  temperature  would  separate  them  to  the  extent  of  44  parts  in  10,000,  whereas  the 
greatest  change  observed  (perhaps  not  due  to  this  cause  at  all)  is  but  5  parts.  Many 
observations  on  recent  cells,  made  in  ordinary  course,  point  in  the  same  direction. 
In  one  or  two  cases  there  has  been  an  apparent  rise  at  temperatures  above  65°  F., 
indicating  a  drop  in  the  temperature-coefficient  relatively  to  that  of  No.  1.  I  have 
attributed  this  to  an  insufficient  excess  of  undissolved  salt  in  cells  prepared  when  the 
weather  was  cold,  the  result  of  course  being  a  failure  of  saturation  at  high  temperatures, 
attended  (as  will  presently  appear)  by  a  fall  of  temperature-coefficient. 

Being  desirous  of  clearing  up,  as  far  as  possible,  any  questions  connected  with  the 
practical  use  of  these  cells  as  standards,  I  determined  to  supplement  the  former 
observations  with  special  experiments  at  somewhat  extreme  temperatures,  which 
should  include  as  great  a  variety  of  constructions  as  possible.  Most  of  the  cells  were 
so  mounted  that  they  could  not  well  be  tried  at  temperatures  differing  from  that  of 
the  surrounding  air,  and  I  had  to  content  myself  with  varying  the  temperature  of 
the  room  by  opening  windows  and  burning  gas.  Care  was  taken  that  no  great 
variation  occurred  within  two  or  three  hours  of  the  comparisons.  Under  these 
circumstances  tests  were  made  of  (l),  (10)  (Table  XIII.)  ;  T2  (one  of  the  abnormal  cells 
of  Mr.  M.  Evans’),  T3  (a  normal  cell  of  the  same  batch) ;  W31,  W59,  W63 — three  cells 
by  Dr.  Alder  Wright  ;  M183,  a  cell  sold  by  Messrs.  Clark  and  Muirhead, — at  tem¬ 
peratures  from  47°  F.  to  69°  F.  These  cells  were  all  supposed  to  be  saturated.  There 
were  also  two  prepared  purposely  with  diluted  paste — (39),  (40).  Besides  these,  two 
saturated  cells  of  my  own  construction  mounted  in  test  tubes,  which  could  be 
immersed  in  water  or  ice,  were  tested  from  32°  F.  to  67^°  F. 

In  order  to  obtain  an  absolute  result  we  must  have  command  of  a  standard 
independent  of  temperature-variations.  At  Cambridge  I  employed  for  this  pm'pose 
a  cell  kept  constantly  in  ice.  The  present  observations  were  rather  protracted,  and  I 
preferred  to  rely  upon  two  cells  (35),  (38),  mounted  in  test  tubes  and  imbedded  with 
a  thermometer  in  a  mass  of  sand,  itself  situated  in  an  underground  recess.  The 
variations  of  temperature  were  here  very  small  and  readily  determined,  so  that  there 

*  On  the  “  Use  of  Daniell’s  Cell  as  a  Standard  of  Electro-motive  Force,”  Phil.  Mag.,  Aug.,  1855. 
It  appears,  however,  to  he,  by  a  slip  of  the  pen,  that  the  coefficient  for  the  Daniell  is  represented  as 
only  m  of  that  of  the  Clark.  The  numbers  given  lead  to  the  ratio  -§•. 

t  I  must  apologise  for  the  Fahrenheit  degrees. 
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was  no  practical  uncertainty  on  this  account.  The  variation  of  the  two  cells  relatively 
to  one  another  was  less  than  i0ooo  during  the  whole  month  of  observation. 
(Table  XV.) 

Table  XIV. — Value  of  Cells  referred  to  No.  1. 


Temperature. 
(Fahr ) 

Date,  1885. 

(1). 

Ti. 

t3. 

W31. 

w50. 

w62. 

Mia. 

O 

47 

Nov.  8  .  .  . 

1-0000 

•9957 

•9991 

•9991 

•9993 

49 1 

„  2  .  .  . 

1-0000 

•9955 

•9993 

•9999 

•9997 

51 

Oct.  31  . 

1-0000 

•9957 

1-0001 

•9996 

1-0000 

•9997 

564 

„  28  .  .  . 

1-0000 

•9957 

1-0003 

57 

„  27  .  .  . 

1-0000 

■9957 

1-0001 

1-0000 

1-0000 

581 

Nov.  4  . 

1-0000 

"9954 

•9992 

•9992 

loboo 

•9996 

61 

Oct.  30  . 

1-0000 

•9957 

•9997 

•9993 

•9999 

•9980 

67 

Nov.  27  .  .  . 

1-0000 

•9951 

•9996 

1-0001 

•9996 

•9997 

1-0000 

69 

July  20  . 

1-0000 

•9957 

•9998 

From  the  results  in  Table  XIV.,  reduced  to  No.  1  as  standard,  the  reader  will  see 
that  there  is  no  distinct  difference  of  coefficient.  It  is  interesting  to  note  that  T: 
(which  there  is  every  reason  to  consider  supersaturated)  keeps  its  distance  from 
No.  1.  When  I  first  thought  of  supersaturation,  I  regai’ded  this  agreement  of 
temperature-coefficient  as  an  argument  on  the  other  side,  not  at  that  time  recog¬ 
nising  the  probable  occurrence  of  the  lower  hydrate.  But  what  will  still  more  arrest 
attention  is  the  agreement  of  Dr.  Alder  Wright’s  cells  with  No.  1.  There  are 
same  irregularities,  possibly  dependent  upon  imperfect  penetration  of  temperature 
through  the  masses  of  paraffin  in  which  the  cells  are  imbedded  ;  but  there  is  no 
distinct  evidence  of  a  lower  coefficient,  and  certainly  no  such  difference  as  that 
between  '0008  per  degree  Cent,  and  '0004.  The  same  may  be  said  of  M183,  which  I 
received  from  Dr.  Alder  Wright. 

§  53.  The  absolute  variations  with  temperature  of  (l),  (10),  (39),  (40)  are  shown 
in  Table  XV.,  in  which  all  the  electro-motive  forces  are  expressed  in  terms  of  (38) 
at  51°  F.,  a  small  correction  being  introduced  to  allow  for  the  1°  or  2°,  by  which  the 
actual  temperature  of  (38),  (35),  may  have  differed  from  51°.  The  coefficients  for  (1) 
and  (10)  are  almost  identical.  The  observed  values  for  (1)  agree  pretty  well  with  the 
formula 

•9970{1  —  '000425(^  —  57)}, 

as  will  be  seen  from  the  adjoining  column  calculated  therefrom.  This  is  in 
Fahrenheit  degrees.  The  corresponding  formula  in  Centigrade  degrees  is 

•9970{1  — *000765(«  — 13*9)}. 

It  appears,  therefore,  that  the  temperature-coefficient  for  these  cells,  including  those  of 
Dr.  Alder  Wright,  is  '00077,  and  that  the  observed  values  are  utterly  irreconcilable 
with  such  a  coefficient  as  '0004. 
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Table  XY. — In  terms  of  (38)  at  51°  Fahr. 


Temperature. 

(Falir.) 

Date,  1885. 

(35) 

reduced  to 
51°. 

(1) 

observed. 

(1) 

calculated. 

(10) 

observed. 

(39) 

obseived. 

(39) 

calculated. 

(40) 

observed. 

O 

47 

Nov.  8  .  .  . 

1-0003 

1-0013 

1-0013 

1-0014 

1-0154 

1-0155 

1-0152 

48i 

„  1  (aft.)  . 

1-0003 

1-0008 

1-0006 

49i 

„  2  .  .  . 

1-0003 

1-0004 

1-0003 

1-0006 

10150 

1-0151 

10149 

51 

Oct.  31  .  .  . 

1-0003 

•9996 

■9996 

•9997 

1-0148 

1-0147 

1-0147 

51 

Nov.  7  .  .  . 

1-0004 

•9997 

•9996 

1-0000 

.  , 

5H 

„  18  .  .  . 

1-0004 

•9993 

•9993 

52 

,,  12  (morn.) 

1-0004 

•9994 

•9991 

524 

„  17  .  .  . 

1-0004 

•9994 

■9989 

53 

„  21  .  .  . 

1-0003 

•9988 

•9987 

531 

,,  11  (even.) 

1-0004 

•9989 

•9985 

.  . 

54 

„  20  .  .  . 

1-0003 

•9982 

•9983 

.  . 

564 

Oct.  28  .  .  . 

1-0003 

•9971 

•9972 

•9973 

1-0133 

1-0135 

1-1032 

561 

Nov.  12  (aft.)  . 

•9974 

•9972 

.  . 

57 

Oct.  27  .  .  . 

1-0003 

•9970 

•9970 

•9972 

1-0134 

1-0134 

1-0133 

574 

Nov.  13  .  .  . 

1-0004 

•9970 

•9968 

.  . 

581 

„  4  .  .  . 

1-0004 

•9964 

•9965 

•9963 

1-0131 

1-0131 

1-0130 

61 

Oct.  30  . 

1-0004 

•9955 

•9953 

•9955 

1-0125 

1-0125 

1-0125 

67 

Nov.  27  .  .  . 

1-0004 

•9928 

■9928 

•9927 

1-0111 

1-0113 

1-0110 

Table  XYI. — In  terms  of  (38)  at  51°  Falir. 


Temperature. 

(Fahr.) 

Date,  1885. 

(37) 

ol  served. 

(37) 

calculated. 

Temperature. 
(F  abr.) 

Date,  1885. 

(36) 

observed. 

(36) 

calculated. 

O 

32 

Nov.  10  .  .  . 

1-0051 

1-0050 

O 

32 

Nov.  11  (aft.)  . 

1-0067 

1-0067 

32 

„  11  (aft.)  . 

1-0050 

1-0050 

32 

„  11  (even.) 

1-0066 

1-0067 

32 

„  11  (even.) 

1-0051 

1-0050 

32 

,,  12  (morn.) 

1-0070 

1-0067 

40 

n  17  .  .  . 

1-0028 

1-0027 

32 

„  12  (even.) 

1-0068 

1-0067 

41f 

„  21  .  .  . 

1-0021 

1-0022 

40 

„  17  .  .  . 

1-0038 

1-0041 

474 

„  8  .  .  . 

1-0003 

1-0003 

41f 

„  21  .  .  . 

1-0028 

1-0035 

48f 

„  12  (aft.)  . 

•9995 

■9998 

474 

„  18  .  .  . 

1-0010 

1-0013 

49| 

„  12  (morn.) 

•9996 

•9996 

494 

„  13  .  .  . 

1-0003 

1-0005 

494 

„  13  .  .  . 

•9993 

•9996 

504 

„  2  .  .  . 

1-0003 

1-0001 

504 

2 

.  . 

•9997 

•9992 

504 

„  10  .  .  . 

1-0001 

1-0001 

524 

Oct.  31  .  .  . 

•9986 

■9985 

53 

Oct.  31  .  .  . 

•9992 

•9991 

524 

Nov.  18  .  .  . 

•9984 

•9985 

53 

Nov.  18  .  .  . 

•9992 

•9991 

574 

Oct.  27  .  .  . 

•9966 

•9966 

574 

Oct.  27  .  .  . 

•9970 

•9971 

574 

„  28  .  .  . 

•9967 

•9966 

574 

„  28  .  .  . 

•9971 

•9971 

61f 

„  30  .  .  . 

’9946 

•9949 

61f 

30  .  .  . 

•9950 

•9952 

66| 

Nov.  4  .  . 

•9926 

•9928 

664 

Nov.  4  .  . 

•9931 

•9929 

674 

„  20  .  .  . 

•9916 

•9925 

674 

„  20  .  .  . 

•9923 

•9925 

674 

„  7  .  .  . 

•9922 

■9924 

674 

„  7  .  .  . 

•9925 

•9924 

For  (39)  and  (40),  prepared  with  unsaturated  solution,  the  temperature-coefficient 
is  exactly  the  half  of  that  for  the  saturated  cells.  Reckoned  in  Fahrenheit  degrees, 
it  is  '00021,  or  in  Centigrade  degrees  '00038.  The  agreement  with  this  value  is 
shown  by  the  column  calculated  from  the  formula 


1  '0134(1  -'000212(^  —  57)}. 
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The  coefficient  '00038  is  so  close  to  that  given  by  Alder  Wright,  viz.,  '00041, 
that  one  cannot  help  suspecting  that  the  cells  used  by  him  for  this  purpose  may  have 
been  unsaturated,  or  possibly  supersaturated  (without  deposit  of  lower  hydrate). 

Over  the  above  range  of  temperature  a  linear  expression  represents  the  E.M.F. 
sufficiently  well.  When,  however,  the  values  recorded  for  (36),  and  (37)  for  tem¬ 
peratures  from  32°  F.  to  67|°  F.  were  plotted,  a  distinct  curvature  was  apparent 
indicating  a  lower  coefficient  at  the  lower  temperatures.  Table  XVI.  exhibits  the 
observed  values,  and  (for  comparison  with  them)  numbers  calculated  from  quadratic 
expressions.  For  (37)  the  expression  is 

'9985(1  —  '00037(^-521)  —  '0000025(f-52|)2}  ; 

the  equivalent  of  which  in  Centigrade  degrees  is 

•9985(1—  000666(^—1 1'4)  —  '0000081^  — 11*4)2}. 

According  to  this,  the  change  for  one  degree  Cent,  is  the  following  linear  function 
of  temperature 

•000674  +  '0000162(«  — 11-4)  ; 

so  that  the  temperature-coefficient  ranges  from  '000489  at  0°  C.  to  '000813  at  20°  C. 
At  15°  C.  it  would  be  '00073. 

For  the  other  cell  (36)  the  observed  values  of  E.M.F.  are  pretty  well  repre¬ 
sented  by 

'9991(1  —  '00042(^  —  53)  —  '0000028(£  —  53)2}, 

from  which  are  deduced  the  numbers  in  the  column  headed  “calculated.”  In  Centi¬ 
grade  degrees  this  becomes 

•9991(1  —  -000756(<  — 11*6)  —  '0000091  (£  — 11'6)2}  ; 

giving  for  the  temperature-coefficient  at  f  Cent. 

•00076  5 +  *000018(^  —  11 '6). 

At- 15°  the  value  from  this  formula  is  '00083. 

It  would  seem  that  these  two  cells  have  temperature  coefficients  which  differ 
sensibly.  But  this  way  of  presenting  the  matter  is  apt  to  give  an  exaggerated 
impression.  The  difference  in  the  coefficients  indicates  a  separation  of  electro¬ 
motive  forces  at  the  rate  of  yoooo  on^J  Per  degree  Cent.,  so  that  the  whole  relative 
change  for  ordinary  indoor  variations  would  not  exceed  t~ooo  of  the  whole.  It  will  be 
seen  from  Tables  XIV.,  XV.  that,  through  a  more  limited  range  of  temperature,  a  large 
number  of  various  cells  are  satisfactorily  represented  by  the  coefficient  (intermediate 
between  those  just  found)  '00077;  and  I  believe  that  the  adoption  of  this  number*  for 
cells  with  saturated  solutions  can  lead  to  no  appreciable  error  in  ordinary  use.  For 

*  It  should  be  mentioned  that  ( loc .  cit.)  Dr.  Fleming  found  for  a  Clark  cell  the  coefficient  '00082  at 
15°  C. 
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very  special  purposes  it  will,  no  doubt,  be  desirable  to  protect  standard  cells  from  the 
larger  temperature- variations,  which  is  very  easily  done  by  keeping  them  in  a  cellar, 
from  which  well-insulated  wires  will  convey  the  E.M.F.  to  any  desired  point.  As  to 
the  absolute  magnitude  of  the  variations  of  E.M.F.  with  temperature,  it  may  be  worth 
while  to  recall  that  they  are  about  the  double  of  those  experienced  by  German  silver 
resistances. 

§  54.  A  good  many  special  experiments  have  been  tried  with  cells  variously 
constructed,  in  order  to  elucidate  as  far  as  possible  the  behaviour  of  Clark’s.  Two  of 
these,  labelled  H  (1,  ^),  H  (1,  ^),  were  referred  to  in  a  short  communication  to  the 
British  Association  at  Montreal, #  and  have  been  observed  at  intervals  since,  with 
results  which  are,  I  think,  of  interest.  In  these  cells,  the  legs  representing  the  zincs 
were  charged  with  a  strong!  but  fluid  amalgam  of  zinc  and  mercury  ;  so  that  if  the 
other  legs  had  been  charged  with  pure  mercury  and  paste  of  mercurous  sulphate,  an 
ordinary  Clark  would  have  resulted.  This,  however,  was  not  done.  No  paste  at  all 
was  used,  and  in  place  of  pure  mercury  a  dilute  amalgam  was  substituted — in  H  (1, 
one  obtained  by  diluting  the  strong  amalgam  with  its  own  volume  of  pure  mercury, 
and  in  H  (1,  one  containing  one  volume  of  strong  amalgam  to  three  volumes  of  pure 
mercury.  The  cells  were  filled  up,  as  usual,  with  zinc  sulphate  solution. 

The  electromotive  forces,  expressed  as  fractions  of  No.  1,  are  recorded  in  the 
adjoining  table  (XVII.).  It  is  clear  that  the  E.M.F.  rises  rapidly  with  temperature — 
something  like  30  per  cent,  for  15°  F.  The  large  amount  of  this  variation,  and  the  fact 
of  its  taking  place  in  the  opposite  direction  to  that  followed  by  Clark’s,  are  very 
remarkable. 

Table  XVII. 


Date,  1834. 

Temperature. 

(Fakr.) 

H  (l,  !). 

H  (l,  1). 

Date,  1885. 

Tem'erature. 

(Fahr.) 

H  (1,  i) 

H  (l,  i). 

July  21  .  .  . 

0 

•0041 

Jan.  2  . 

O 

•0033 

•0083 

22 

,,  . 

.  , 

•0041 

„  14.  •  . 

•0031 

•0081 

„  23.  .  . 

.  . 

•0041 

Aug.  3  . 

63 

■0044 

•0095 

„  24.  .  . 

•0041 

Sept.  5  . 

63 

•0042 

•0095 

„  29.  .  . 

•0040 

•0091 

Nov.  6  .  .  . 

52 

•0034 

•0083 

.  „  30.  .  . 

.  , 

•0040 

■0u91 

„  12.  .  . 

56 

•0039 

•0086 

Aug.  6  .  .  . 

67 

"0044 

•0096 

27 

67 

•0044 

•0093 

Sept.  4  .  .  i 

62 

•0041 

•0093 

Dec.  2  .  .  . 

51 

•0034 

•0084 

Oct.  8  .  . 

63 

•0040 

•0093 

„  28.  .  . 

59 

■0037 

•0090 

Nov.  17  .  .  . 

.  » 

•0036 

•0087 

Dec.  5  .  .  . 

•0037 

■0089 

It  would  appear  that,  apart  from  changes  of  temperature,  the  cells  have  retained 
their  E.M.F.  tolerably  constant  for  more  than  a  year  and  a  half- — a  result  which  could 


*  B.  A.  Rep.,  1884,  p.  651. 

f  As  to  what  is  to  be  regarded  as  strong,  more  facts  'will  presently  be  given. 
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scarcely  have  been  expected,  in  view  of  the  very  small  quantities  of  zinc  which  they 
contain. 

If  we  diminish  still  further  the  proportion  of  zinc  in  the  weaker  amalgam,  the  E.M.F. 
increases  ;  until,  if  we  omit  the  zinc  altogether,  the  E.M.F.  may  reach  ‘8  or  ’9  Clark. 
In  this  case,  however,  the  E.M.F.  is  very  unsteady. 

On  Feb.  18,  1885,  a  cell  (F)  of  the  H-pattern  was  charged  with  pure  mercury  in  one 
leg,  and  in  the  other  with  an  amalgam  containing  one  milligram  of  zinc  dissolved  in 
30  grams  of  mercury.  No  paste  being  used,  the  cell  was  filled  up  with  saturated  zinc 
sulphate  solution.  Under  these  conditions  the  E.M.F.  was  unsteady— about  -7.  On 
Feb.  23  some  paste  was  added  to  the  leg  containing  pure  mercury,  on  which  the 
E.M.F.  became  steady  at  ‘939  Clark,  even  when  the  amalgam  was  stirred  with  a 
glass  rod.  On  Feb.  28,  E.M.F.  =  ’935  ;  on  March  2,  ‘931  ;  on  March  G,  '920  ;  on 
April  12,  '068  ;  and  on  Dec.  2,  '0003. 

Another  cell  (G)  charged  with  pure  mercury  and  paste  in  one  leg  had  no  zinc 
added  to  the  pure  mercury  in  the  other  leg,  except  such  as  it  received  by  the 
passage  for  3m  of  the  current  from  two  large  Clarks,  in  whose  circuit  1000  ohms 
of  wire-resistance  was  also  included  Under  these  circumstances,  the  deposited  zinc 
should  have  been  about  mg.  The  resulting  E.M.F.  was  '923,  falling  off  from  day 
to  day,  as  in  the  case  of  (F).  Nine  months  afterwards  the  value  was  '0003. 

From  these  and  other  experiments  it  appeared  that  an  astonishingly  minute 
proportion  of  zinc  in  the  amalgam  was  sufficient  to  give  the  cell  most  of  the  force 
of  a  Clark.  I  had  contemplated  examining  in  greater  detail  the  electromotive 
character  of  weak  amalgams  of  known  composition,  when  my  attention  was  called 
by  Prof.  Ayrton  to  an  interesting  investigation  by  Messrs.  Hockin  and  Taylor,* 
covering  the  same  ground.  In  their  cells  zinc  was  opposed  to  the  various  amalgams  ; 
so  that  the  circumstances  were  really  the  same  as  in  the  case  of  H  (1,  -^),  H  (1,  q), 
above  discussed,  the  strong  amalgam  being  equivalent  to  zinc.  A  few  of  their 
numbers  may  here  be  quoted.  When  the  zinc  was  opposed  to  pure  mercury, 
E.M.F.  =  IT 86  volt.  (According  to  my  experience  this  should  have  been  uncertain.) 
The  mercury  being  replaced  by  amalgams,  the  E.M.F.  observed  were  as  follows  : — 


Volts. 

Zinc  1  part,  mercury  23,600,000  parts  .  .  .  IT 79 

„  „  „  11,800,000  „  ...  1'080 

7,530,000  „  ...  -655 

„  „  „  5,900,000  „  ...  -513 

1,800,000  „  ...  -214 

400,000  „  ...  -134 

„  „  „  200,000  „  ...  -124. 


*  “On  the  Electromotive  Force  of  Mercury  Alloys.”  ‘Journal  of  Society  of  Telegraph  Engineers,’ 
vol.  viii.,  1879. 
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“  Mercury  alloyed  with  any  number  of  metals  takes  the  place  in  the  scale  of  E.M.F. 
of  the  most  electro-positive  metal  it  may  contain,  if  the  amount  of  the  electro-positive 
metal  present  is  not  less  than  about  yoooo?o  in  weight  of  the  mercury.” 

§  55.  In  order  to  obtain  any  stability  of  E.M.F.  in  these  cells,  it  seems  to  be 
necessary  that  the  mercury  should  either  be  alloyed  with  a  sensible,  though  perhaps 
relatively  very  small,  portion  of  zinc,  or  else  protected  with  mercurous  sulphate. 
"With  pure  mercury  without  paste  not  only  is  the  E.M.F.  variable  from  hour  to  hour, 
but  it  can  scarcely  be  said  to  be  definite  even  at  a  particular  time — that  is,  it  may 
be  altered  by  the  passage  of  a  very  small  quantity  of  electricity,  such  as  should 
have  no  effect  whatever  upon  a  properly  constituted  cell.  Sometimes  when  the 
galvanometer  contact  was  made,  a  throw  of  the  needle  was  observed,  not  followed 
by  any  corresponding  permanent  deflection,  the  cell  in  fact  behaving  like  a  charged 
condenser. 

In  the  absence  of  paste  a  very  small  addition  of  zinc  to  mercury  gives  it  a 
definite  and  tolerably  permanent  character.  If,  however,  there  be  any  mercurous 
sulphate,  even  though  originally  in  another  leg  of  an  H-cell,  the  mercury  is  gradually 
repurified.  To  this  cause  is  to  be  attributed  the  gradual  fall  to  zero  of  the  E.M.F. 
of  the  cells  (F)  and  (G)  above  considered. 

Indeed,  the  whole  tendency  of  these  observations  is  to  suggest  that  the  action  of 
the  mercurous  sulphate  may  be  secondary,  rather  than  primary ;  so  that  if  zinc  could 
be  opposed  to  really  pure  mercury,  no  mercurous  sulphate  would  be  needed  in  a  Clark 
cell  It  may  be,  however,  that  in  that  case  a  minute  quantity  of  mercurous  sulphate 
would  form  itself  spontaneously.  In  such  cells  as  H  (1,  -|)  we  are  compelled  to 
suppose  that  the  chemical  origin  of  the  E.M.F.  is  the  tendency  of  zinc  and  mercury 
to  combine,  or  rather  the  tendency  of  two  different  amalgams  to  equalize  themselves. 
There  is  here  a  close  parallelism  to  the  electromotive  forces  due  to  affinity  of  saline 
solutions  of  different  strengths,  manifested,  for  example,  when  an  electrode  of  zinc  is 
in  contact  with  a  strong  solution  of  zinc  sulphate,  and  the  second  similar  electrode 
is  in  contact  with  a  weak  solution. 

Before  quitting  this  subject,  I  may  mention  observations  on  what  was  practically 
a  Clark  cell,  although  jnepared  without  zinc  and  without  paste.  On  March  7,  1885, 
an  H-cell  (J)  was  charged  with  pure  mercury  in  both  legs,  and  filled  up  with  zinc 
sulphate  solution.  A  current  from  an  external  source  of  about  yrtj  ampere  was  then 
passed  through  it  for  3^  hours.  The  E.M.F.  at  subsequent  dates  were  as  follows  : — 


Clakk. 

March  9 . 083 

March  11  '980 

April  9 . -978 

July  7 . 973 

December  12 . 071 
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It  will  be  seen  that  a  tolerable  approximation  to  a  Clark  was  obtained  by  this 
simple  process.  Zinc  is  thrown  down  upon  the  mercury  in  one  leg,  and  mercury 
dissolved  in  the  other  by  the  passage  of  the  current. 

§  56.  The  comparisons  recorded  in  Table  XIII.  furnish  abundant  proof  that  there 
has  been  no  special  change  in  the  E.M.F.  of  No.  1,  but  do  not  of  themselves  exclude 
the  possibility  of  a  general  movement  of  the  cells  in  one  direction  as  the  result  of  age, 
by  which  the  relative  values  of  cells  of  nearly  tire  same  date  might  remain  unaffected. 
Comparisons  with  younger  cells,  indeed,  go  a  long  way  towards  negativing  this 
supposition ;  but  considering  that  all  the  older  cells  had  undergone  a  journey  (from 
Cambridge  to  Terling),  I  thought  that  a  re-determination  of  the  absolute  E.M.F. ,  by 
means  of  silver,  would  be  a  valuable  confirmation  of  their  constancy. 

With  the  assistance  of  Mrs.  Sedgwick,  two  such  silver  determinations  were  effected 
in  August,  1885,  as  described  in  §  38.  Reduced  to  15°,  the  E.M.F.  of  No.  1  was 
found  on  August  15  to  be  F4541  B.A.  volts,  and  on  August  19,  F4533,  giving  as  a 
mean  1'4537  B.A.  volts.  The  value  found  from  absolute  measurements  in  the  autumn 
of  1883,  and  the  spring  of  1884,  was  1’4542  (§  36).  That  given  (note  to  §  37)  as  the 
result  of  two  experiments  in  Nov.,  1884,  is  F4534;  but  a  slight  error  has  been 
discovered  in  the  reductions  leading  to  the  latter  number.  By  an  oversight  the  factor 
1 -00041,  necessary  to  correct  for  the  slight  heating  of  the  resistance  by  the  passage  of 
the  current  (§  33),  was  omitted,  the  effect  of  which  omission  is  an  under-estimate  of 
the  difference  of  potentials  at  the  terminals  of  the  resistance  traversed  by  a  known 
current,  and  consequently  of  the  E.M.F.  of  the  cell  under  test.  This  correction  being 
introduced,  the  numbers  will  stand  thus  : — - 


Table  XVIII. 


Date. 

E.M.F.  of  No.  1 
at  15°  C.  in  B.A.  vol's. 

Oct.  1883  to  April  1884  . 

1-4542 

Nov.  1884  . 

1-4540 

Aug.  1885  . 

1-4537 

The  slight  fall  in  these  numbers  has  little  significance ;  and  we  may  regard  the 
E.M.F.  of  No.  1  as  having  remained  constant  to  within  about  for  nearly  two 

years. 

I  believe  that  the  E.M.F.  of  cells  constructed  with  reasonable  precautions,  especially 
as  to  saturation,  will  rarely  differ  at  ordinary  temperatures  by  more  than  joVo  Pai’f 
from 

1-454{1  —  -00077(^  —  15)}  B.A.  volts, 

or  (the  B.A.  unit  of  resistance  being  taken  equal  to  ‘9867  ohm) 

1-435(1  — •00077(^  —  15)}  true  volts. 

5  K  2 
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§  57.  In  Table  X.,  §  32,  are  given  some  comparisons  with  No.  1  Clark  of  a  standard 
Daniell  with  equi-dense  solutions  of  Raoult’s  pattern.  As  a  mean  at  16°  C., 

Daniell  =7703  Clark=1T046  true  volt. 

I  have  never  succeeded  in  obtaining  really  good  results  with  Dantells  of  any  con¬ 
struction,  variations  in  the  conditions  of  the  copper*  rapidly  altering  the  E.M.F.  by 
two  or  three  thousandths.  The  mean  of  a  rather  large  number  of  comparisons  in 
August,  1885,  gives  about  '7715  Clark  at  16°,  and  this  number  was  confirmed  by 
further  observations  in  December,  1885.  The  sp.  gr.  of  the  solutions  was  1T01  ;  the 
zinc  was  amalgamated,  and  the  copper  was  freshly-coated  electrolytically.  The  effect 
of  variations  in  the  condition  of  the  metals  and  of  the  solutions  are  discussed  by 
Alder  Wright  and  by  Fleming. 

Some  observations  have  also  been  made  with  apparatus  and  solutions  lent  me  by 
Dr.  Fleming,  and  arranged  nearly  according  to  the  description  published  by  him.t 
The  variations  observed  with  this  form  of  Daniell  were  smaller  than  with  Raoult’s, 
perhaps  in  consequence  of  the  better  protection  of  the  copper  solution  from  the 
atmosphere.];  The  mean  value  for  1  6°  was  about 

•7674  Clark  =  1T004  volt, 

in  pretty  good  agreement  with  the  value  found  by  Dr.  Fleming  himself.  In  cor¬ 
recting  for  the  effect  of  a  small  variation  of  temperature,  I  have  allowed  only  for  the 
variations  of  the  Clark,  assuming  that  of  the  Daniell  to  be  insensible. 

[P.S. — May,  1886. — I  have  lately  had  the  opportunity  of  comparing  with  mine  five 
cells  set  up  by  Dr.  A.  Muirhead,  who  has  had  great  experience  in  these  matters. 
All  five  agreed  with  my  No.  1  to  about  one  part  in  ten  thousand.  Dr.  Muirhead 
informs  me  that  other  cells,  including  one  prepared  by  himself  seven  or  eight  years 
ago,  agree  closely  with  these.] 

*  It  seems  not  unlikely  that  the  greater  part  of  the  uncertainty  of  ordinary  Daniell’s  might  be  got 
rid  of  by  substitution  of  silver  for  copper.  Silver  sulphate ,  however,  is  not  sufficiently  soluble.  But  I 
have  not  made  experiments  in  this  direction,  believing  that  the  mercury  of  the  Clark  cell  is  better  still. 

t  Phil.  Mag.,  August,  1885. 

f  In  my  experience  the  copper  found  its  way  to  the  zinc  more  readily  than  one  would  have  expected. 
The  amalgamated  zinc  became  coated  with  a  furry  deposit,  which  struck  a  blue  colour  on  solution  in 
nitric  acid  and  snpersaturation  with  ammonia.  In  using  Raoult’s  cells  I  have  endeavoured  to  hold  the 
copper  in  check  by  placing  a  loose  strip  of  zinc  in  the  connecting  Y-tube. 
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I.  .  . 

1 

14 

0 

1883.  Part 

I... 

1 

10 

0 

1831.  Part 

I... 

1 

10 

0 

-  Part 

II... 

2 

5 

0 

-  Part 

II.  . . 

2 

7 

6 

-  Part 

II... 

2 

10 

0 

-  Part 

11... 

1 

12 

0 

1850.  Part 

I.  .  . 

1 

10 

0 

1867.  Part 

I. . . 

i 

o 

0 

Part  III. .  . 

1 

12 

0 

1832.  Part 

I... 

1 

1 

0 

-  Part 

II... 

3 

5 

0 

-  Part 

II... 

i 

15 

0 

1884.  Part 

I... 

1 

8 

0 

-  Part 

II... 

2 

0 

0 

1851.  Part 

I.  .  . 

2 

10 

0 

1868.  Part 

I. . . 

2 

5 

0 

-  Part 

II.  .  . 

1 

16 

0 

1838.  Part 

I. . 

1 

1 

0 

- -  Part 

II.  .. 

9 

10 

0 

-  Part 

11  .  ■ 

2 

0 

0 

1885.  Part 

I.  .  . 

2 

10 

0 

-  Part 

II... 

2 

18 

0 

1852.  Part 

I... 

i 

0 

0 

1869.  Part 

I... 

2 

10 

0 

-  Part 

II.  .  . 

2 

5 

0 

1834.  Part 

I... 

0 

17 

0 

-  Part 

II.  .  . 

o 

5 

0  ' 

- Part 

II. . . 

3 

3 

0 

***  When  the  Stock  on  hand  exceeds  One  Hundred  Copies,  the  volumes  preceding  the  last  Five 
Years  may  be  purchased  by  Fellows  at  One-Third  of  the  Price  above  stated. 


SOLD  BY  HARRISON  AND  SONS,  ST.  MARTIN'S  LANE, 
AND  ALL  BOOKSELLERS. 
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